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©  Improved  catalyst  composition  for  polymerizing  ethylene,  preparative  method  and  polymerization  process. 

@  Catalyst  compositions  suitable  for  producing  high  densi- 
ty  ethylene  polymers  in  a  low  pressure  gas  phase  process 
with  low  accompanying  ethylene  hydrogenation  are  pro- 
duced  by  forming  a  precursor  composition  from  a  magne- 
sium  compound,  titanium  compound  and  electron  donor 
compound;  diluting  said  precursor  composition  with  an  inert 
carrier  material;  treating  said  diluted  precursor  composition 
with  a  boron  halide  compound:  and  activating  the  precursor 
composition  with  an  organo  aluminum  compound. 

A  preparative  method  and  a  polymerization  process  are 
also  disclosed. 



This  i n v e n t i o n   r e l a t e s   to  an  improved  p r o c e s s  

for  p roducing   high  dens i t y   e thy lene   polymers  having  h i g h  

m e l t   i nd i ce s   and  low  melt  flow  r a t i o s .   More  p a r t i c u l a r l y ,  

th i s   i n v e n t i o n   r e l a t e s   to  an  improved  low  p r e s s u r e   gas  

phase  p rocess   for  producing  homopolymers  and  copo lymers  

of  e t h y l e n e   having  a  d e n s i t y   of  from  about  0.94  g/cm3  t o  

about  0.97  g/cm3,  a  melt   index  of  g r e a t e r   than  1.0  g / 1 0  

minutes   to  about  100  g/10  minutes ,   and  a  melt  flow  r a t i o  

of  from  about  22  to  about  32 .  

E thylene   homopolymers  and  copolymers  h a v i n g  

high  d e n s i t i e s   and  high  melt  i nd ices   can be   produced  as  

d e s c r i b e d   in  European  p a t e n t   p u b l i c a t i o n   Nos.  0012147  and 

0012148.  In  producing  such  polymers,   i t   is  neces sa ry   t o  

employ  high  p o l y m e r i z a t i o n   t empera tu res   and  to  m a i n t a i n  

a  high  h y d r o g e n / e t h y l e n e   r a t i o   in  the  r e a c t o r   in  order  t o  

ob ta in   polymers  having  melt  i nd ices   g r e a t e r   than  1.0  g /10  

minutes .   U n f o r t u n a t e l y ,   however,  an  i n c r e a s e   in  p o l y -  

m e r i z a t i o n   t e m p e r a t u r e s   above  90°C  and  the  use  of  h i g h  

h y d r o g e n / e t h y l e n e   r a t i o s   have  both  been  found  to  c a u s e  

a  dec rease   in  the  a c t i v i t y   of  the  c a t a l y s t s   employed  i n  

these   p r o c e s s e s .   Thus,  the  de s i r ed   polymers  can  only  be  

ob ta ined   at  the  expense  of  decreased   c a t a l y t i c   a c t i v i t y .  

A n o t h e r   c h a r a c t e r i s t i c   of  the  process   d e -  

s c r i b e d   in  European  p a t e n t   p u b l i c a t i o n   Nos.  0012147 

and  0012148  is  that   a  c e r t a i n   u n d e s i r a b l e   amount  o f  



e t h y l e n e   h y d r o g e n a t i o n   takes  place  during  p o l y m e r i z a -  

t i o n .   This  e t h y l e n e   h y d r o g e n a t i o n   is  p a r t i c u l a r l y  

pronounced  when  t e m p e r a t u r e s   in  excess  of  90°C.  a n d  

high  h y d r o g e n / e t h y l e n e   r a t i o s   are  employed  in  an  

a t t empt   to  o b t a i n   polymers  having  melt  i nd i ce s   g r e a t e r  

than  1.0  g/10  m i n u t e s .   While  the  amount  o f  e t h a n e  

produced  by  th i s   h y d r o g e n a t i o n   is  at  f i r s t   r e l a t i v e l y  

minor,   th is   gaseous  m a t e r i a l   g r adua l ly   accumula tes   i n  

the  r e a c t o r   and  r e p l a c e s   the  r e a c t i v e   monomers  p r e s e n t .  

This  dec rease   in  the  amount  of  monomer  in  the  r e a c t o r  

leads  to   a  c o r r e s p o n d i n g   decrease   in  c a t a l y s t   p r o d u c -  

t i v i t y .  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   i t  

has  now  been  d i s c o v e r e d   that   c a t a l y s t   c o m p o s i t i o n s  

having  improved  heat   s t a b i l i t y   and  s u i t a b l e   for   u s e  

in  p roduc ing   high  d e n s i t y   e thy lene   polymers  h a v i n g  

high  melt  i n d i c e s   and  low  melt  flow  r a t i o s   in  a  low 

p r e s s u r e   gas  phase  p rocess   can  be  p repared   by  f o r m i n g  

a  p r e c u r s o r   c o m p o s i t i o n   from  a  magnesium  compound, 

t i t a n i u m   compound  and  e l e c t r o n   donor  compound; 

' d i l u t i n g   sa id   p r e c u r s o r   composi t ion   with  an  i n e r t  

c a r r i e r   m a t e r i a l ;   t r e a t i n g   said  d i l u t e d   p r e c u r s o r  

compos i t ion   with  a  boron  ha l ide   compound;  a n d  

a c t i v a t i n g   the  p r e c u r s o r   composi t ion   with  an  o r g a n o  

aluminum  compound.  Such  c a t a l y s t   compos i t ion   can  b e  

employed  to  produce  the  a f o r e s a i d   e thy lene   polymers  a t  

h igher   t e m p e r a t u r e s   than  h e r e t o f o r e   p o s s i b l e   while  m a i n -  

t a i n i n g   high  polymer  p r o d u c t i v i t y   and  low  accompany ing  

e thy lene   h y d r o g e n a t i o n .  



The  accompanying  drawing  shows  a  gas  phase  fluid  bed 

r e a c t o r   system  in  which  the  c a t a l y s t   system  of  t h e  

p r e s e n t   i n v e n t i o n   may  be  employed .  

When  t r e a t e d   with  a  boron  h a l i d e   compound  i n  

acco rdance   with  the  p r e s e n t   i n v e n t i o n ,   the  a f o r e s a i d  

c a t a l y s t   compos i t ions   have  been  found  to  be  more  s t a b l e  

when  exposed  to  t e m p e r a t u r e s   in  excess  of  90°C.  and  t o  

undergo  less   d e c l i n e   in  a c t i v i t y   when  employed  i n  

p o l y m e r i z a t i o n   p r o c e s s e s   above  such  t empera tu re s   as  com- 

pared   to  l i ke   c a t a l y s t   compos i t i ons   which  have  not  b e e n  

so  t r e a t e d .   S u r p r i s i n g l y ,   whether   employed  in  p o l y -  

m e r i z a t i o n   p roces se s   above  or  below  90°C.,  such  t r e a t e d  

c a t a l y s t   compos i t ions   are  capab le   of  producing  p o l y m e r s  

at  h i g h e r   p r o d u c t i v i t i e s   and  are  accompanied  by  l e s s  

e t h y l e n e   h y d r o g e n a t i o n   than  when  l ike   u n t r e a t e d   c a t a l y s t  

compos i t i ons   are  employed .  

The  E thy lene   Po lymer s  

The  e thy l ene   polymers  produced  with  t h e  

t r e a t e d   c a t a l y s t   compos i t i ons   of  the  p r e s e n t   i n v e n t i o n  

have  a  d e n s i t y   of  from  about  0.94  g / c m   to  about  0 . 9 7  

g/cm3.  At  a  given  melt  index,   the  dens i t y   of  t h e  

polymers  is  p r i m a r i l y   r e g u l a t e d  b y   the  amount  o f  

comonomer  which  is  copo lymer i zed   with  the  e t h y l e n e .  

In  the  absence  of  comonomer,  e thy lene   po lymer izes   t o  



prov ide   homopolymers  having  a  d e n s i t y   of  at  l e a s t  

about   0.96  g/cm3.  By  the  a d d i t i o n   of  p r o g r e s s i v e l y  

l a r g e r   amounts  of  comonomer,  copolymers  having  a  

p r o g r e s s i v e l y   lower  dens i ty   are  o b t a i n e d .   The  amount  

of  comonomer  needed  to  achieve  the  same  r e s u l t   w i l l  

vary  from  comonomer  to comonomer,  under  the  same con-  

d i t i o n s .   Thus,  to  achieve   the  same  r e s u l t s ,   in  t h e  

copolymers ,   in  terms  of  a  given  d e n s i t y ,   at  a  g i v e n  

melt  index  l e v e l ,   l a rge r   molar  amounts  of  the  d i f f e r e n t  

comonomers  would  be  needed  in  the  order  of  C3>  C4>  C5> 

C 6 > C 7 > C 8 .  

The  copolymers  produced  with  the  t r e a t e d  

c a t a l y s t   c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   a r e  

copolymers  of  a  major  mol  pe rcen t   (at  l e a s t   97%)  o f  

e t h y l e n e   and  a  minor  mol  pe rcen t   (no  more  than  3%)  o f  

one  or  more  a lpha  o l e f i n s   c o n t a i n i n g   from  3  to  8  c a r b o n  

atoms.  These  a lpha  o l e f i n s , w h i c h   should   not  c o n t a i n   any 

b r anch ing   on  any  of  t h e i r   carbon  a toms  which   is  c l o s e r  

than  the  f o u r t h   carbon  atom,  inc lude   p r o p y l e n e ,   b u t e n e - 1 ,  

p e n t e n e - 1 ,   h e x e n e - 1 ,   4 - m e t h y l p e n t e n e - l ,   h e p t e n e - 1   and  

o c t e n e - 1 .   The  p r e f e r r e d   alpha  o l e f i n s   are  p r o p y l e n e ,  

b u t e n e - 1 ,   hexene -1 ,   4 - m e t h y l p e n t e n e - 1   and  o c t e n e - 1 .  

The  melt   index  of  a  homopolymer  or  a  c o p o l y -  

mer  is  a  r e f l e c t i o n   of  i t s   mo lecu la r   we igh t .   Po lymer s  

having  a  r e l a t i v e l y   high  mo lecu la r   we igh t ,   have  a  

r e l a t i v e l y   low  melt   index.  U l t r a - h i g h   m o l e c u l a r   w e i g h t  

e t h y l e n e   polymers   have  a  high  load.  melt   index  (HLMI)  o f  

about  0.0  g/10  m inu te s ,   and  very  high  m o l e c u l a r   w e i g h t  

e t h y l e n e   polymers  have  a  high  load  melt   index  (HLMI)  o f  



from  about  0.0  g/10  minutes  to  about  1.0  g/10  m i n u t e s .  

The  polymers  produced  with  the  t r e a t e d   c a t a l y s t   com- 

p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n ,   on  the  o ther   h a n d ,  

have  a  s t a n d a r d   or  normal  load  melt  index  of  g r e a t e r  

than  1.0  g/10  minutes   to  about  100  g/10  m i n u t e s ,  

p r e f e r a b l y   of  from  about  2.0  g/10  minutes   to  about  50 

g/10  minu tes ,   and  a  high  load  melt  index  (HLMI)  of  f rom 

about  22  g/10  minutes   to  about  2200  g/10  minu tes .   The 

melt   index  of  the  polymers  is  a  f u n c t i o n   of  a  combina-  

t ion   of  the  p o l y m e r i z a t i o n   t empera tu re   of  the  r e a c t i o n ,  

the  d e n s i t y   of  the  polymer  and  the  hydrogen/monomer  

r a t i o   in  the  r e a c t i o n   system.  Thus,  the  melt  index  i s  

r a i s e d   by  i n c r e a s i n g   the  p o l y m e r i z a t i o n   t empera tu re   a n d /  

or  by  d e c r e a s i n g   the  d e n s i t y   of  the  polymer  and/or   by 

i n c r e a s i n g   the  hydrogen/monomer  r a t i o .   In  a d d i t i o n   t o  

hydrogen  o ther   chain   t r a n s f e r   agents   may  also  be  u s e d  

to  f u r t h e r   i n c r e a s e   the  melt  index  of  the  p o l y m e r s .  

The  e t h y l e n e   polymers  produced  with  t h e  

t r e a t e d   c a t a l y s t   compos i t i ons   of  the  p r e s e n t   i n v e n t i o n  

have  a  melt  flow  r a t i o   (MFR)  of  from  about  22  to  a b o u t  

32,  p r e f e r a b l y   of  from  about  25  to  about  30.  Melt  f l o w  

r a t i o   is  ano the r   means  of  i n d i c a t i n g   the  molecu la r   w e i g h t  

d i s t r i b u t i o n   (Mw/Mn)  of  a  polymer.  An  MFR  in  the  r a n g e  

of  from  about  22  to  about  32  co r responds   to  a  Mw/Mn  o f  

from  about  2.7  to  about  4.1  and  an  MFR  in  the  range  o f  

from  about  25  to  about  30  cor responds   to  a. Mw/Mn  of  from 

about  2.8  to  about  3 . 6 .  



The  polymers  produced  with  the  t r e a t e d   c a t a -  
l y s t   c o m p o s i t i o n s   of  the  p r e sen t   i n v e n t i o n   have  a   r e s i -  
dual   c a t a l y s t   c o n t e n t ,   in  terms  of  p a r t s   per  m i l l i o n   o f  
t i t a n i u m   meta l ,   of  l ess   than  10  pa r t s   p e r  m i l l i o n   (ppm) 
a t  a   p r o d u c t i v i t y   l e v e l   of  at  l e a s t   100,000  pounds  o f  

polymer  per  pound  of  t i t a n i u m .  

The  polymers  produced  with  the  t r e a t e d   c a t a -  

l y s t   c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   are  g r a n u l a r  

m a t e r i a l s   which  have  an  average  p a r t i c l e   s ize   of  t h e  

order   of  from  about  0.02  to  about  0.05  i n c h e s ,   and  

p r e f e r a b l y   of  from  about  0.02  to  about  0.04  -inches,  i n  

d i a m e t e r .   The  p a r t i c l e   s ize  is  impor tan t   for   the  p u r p o s e  

of  r e a d i l y   f l u i d i z i n g   the  polymer  p a r t i c l e s   in  the  f l u i d  

bed  r e a c t o r ,   as  d e s c r i b e d   below.  These  g r a n u l a r   m a t e r i a l s  

a lso   have  a  low  l e v e l   of  f ines   (no  g r e a t e r   than  4.0  p e r -  

cent   of  the  t o t a l   polymer  product)   and  these   f i ne s   a r e  

no  g r e a t e r   than  125  microns  in  d i a m e t e r .  

The  polymers  produced  with  the  t r e a t e d   c a t a -  

l y s t   c o m p o s i t i o n s   of  the  p r e s e n t   i n v e n t i o n   have  a  b u l k  

d e n s i t y   of  from  about  21  to  about  32  pounds  per  c u b i c  

f o o t .  



High  A c t i v i t y   C a t a l y s t  

The  compounds  used  to  form  the  s t a b l e ,   h i g h  

. a c t i v i t y   c a t a l y s t   compos i t ions   of  the  p r e s e n t   i n v e n t i o n  

comprise  at  l e a s t   one  t i t an ium  compound,  at  l e a s t   one 

magnesium  compound,  at  l e a s t   one  e l e c t r o n   donor  compound, 

at  l e a s t   one  boron  h a l i d e   compound,  at  l e a s t   one  a c t i v a -  

tor   compound  and  at  l e a s t   one  i n e r t   c a r r i e r   m a t e r i a l ,   a s  

de f i ned   b e l o w .  

The  t i t a n i u m   compound  has  the  s t r u c t u r e  

where in   R  is  an  a l i p h a t i c   or  a romat ic   h y d r o -  

carbon  r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  a t o m s , o r  

COR'  where  R'  is  an  a l i p h a t i c   or  a romat ic   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  a t o m s ,  

X  is  s e l e c t e d   from  Cl,  Br,  I,  and  m i x t u r e s  

t h e r e o f ,  

a  i s  0 ,   1  or  2,  b  is  1  to   4  i n c l u s i v e   and  

a + b  =   3  or  4 .  

The  t i t a n i u m   compounds  can  be  used  i n d i v i d u a l l y  

or  in  combina t i ons   t h e r e o f ,   and  would  inc lude   T i C l 3 ,  

TiCl4,   Ti(OCH3)Cl3,  Ti(OC6H5)Cl3,  Ti(OCOCH3)Cl3  and  

Ti(OCOC6H5)Cl3. 

The  magnesium  compound  has  the  s t r u c t u r e  

where in   X  is  s e l e c t e d   from 

Cl,  Br,  I,  and  m i x t u r e s   t h e r e o f . .   Such  magnes ium 

compounds  can  be  used  i n d i v i d u a l l y   or  in  c o m b i n a t i o n  

t h e r e o f   and  would  i nc lude   MgCl2,  MgBr2  and  Mgl2.  Any- 

drous  MgCl2  is  the  p a r t i c u l a r l y   p r e f e r r e d   magnesium 

compound. 



The  t i t a n i u m   compound  and  the  magnesium 

compound  should  be  used  in  a  form  which  w i l l   f a c i l i t a t e  

t h e i r   d i s s o l u t i o n   in  the  e l ec t ron  donor   compound,  as  des-  

c r i b e d   h e r e i n   b e l o w .  

The  e l e c t r o n   donor  compound is   an  o r g a n i c  

compound  which  is  l i q u i d   at  25°C  and  in  which  the  t i t a n -   ; 

ium  compound  and  the  magnesium  compound  are  s o l u b l e .  

The  e l e c t r o n   donor  compounds  are  known  as  such,  or  a s  

Lewis  b a s e s .  

The  e l e c t r o n   donor  compounds  would  i n c l u d e  

such  compounds  as  a lky l   e s t e r s   of  a l i p h a t i c   and  a r o m a t i c  

c a r b o x y l i c   a c i d s ,   a l i p h a t i c   e t h e r s ,   cyc l i c   e the r s   and  

a l i p h a t i c   k e t o n e s .   Among  these   e l e c t r o n   donor  compounds 

the  p r e f e r a b l e   ones  are  a l ky l   e s t e r s   of  s a t u r a t e d   a l i -  

p h a t i c   c a r b o x y l i c   acids  c o n t a i n i n g   from 1  to  4  c a r b o n  

atoms;  a lky l   e s t e r s   of  a romat ic   c a r b o x y l i c   acids  c o n t a i n -  

ing  from  7  to  8  carbon  atoms;  a l i p h a t i c   e thers   c o n t a i n i n g  

from  2  to  8  carbon  atoms,  p r e f e r a b l y   from  3  to  4  c a r b o n  

atoms;  c y c l i c   e thers   c o n t a i n i n g   from  3  to   4  carbon  a t o m s ,  

p r e f e r a b l y   mono-or   d i - e t h e r s   c o n t a i n i n g   4  carbon  atoms;  and  

a l i p h a t i c   ke tones   c o n t a i n i n g   from  3  to  6  carbon  a t o m s ,  

p r e f e r a b l y   from  3  to  4   carbon  atoms.  The  most  p r e f e r r e d  

of  these   e l e c t r o n   donor  compounds  would  inc lude   m e t h y l  

f o rma te ,   e t hy l   a c e t a t e ,   b u t y l   a c e t a t e ,   e thy l   e t h e r ,   h e x y l  

e t h e r ,   t e t r a h y d r o f u r a n ,   d ioxane ,   acetone  a n d  m e t h y l  

k e t o n e .  

The  e l e c t r o n   donors  can  be  used  i n d i v i d u a l l y  

or  in  combina t ions   t h e r e o f .  



The  boron  ha l i de   compound  has  the  s t r u c t u r e  

where in   R  is  an  a l i p h a t i c   or  a romat ic   h y d r o -  

carbon  r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  atoms  o r  

OR',  where in   R'  is  also  an  a l i p h a t i c   or  a romat ic   h y d r o -  

carbon  r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  a t o m s ,  

X ' i s   s e l e c t e d   from  Cl  and  B r ,  

and  m i x t u r e s   t h e r e o f ,   and  

c  is  0  or  1  when  R  is  an  a l i p h a t i c   or  aroma-  

t i c   hyd roca rbon   and  0,  1  or  2  when  R  is  OR ' .  

The  boron  h a l i d e   compounds  can  be  used  i n -  

d i v i d u a l l y   or  in  combina t ion   t h e r e o f ,   and  would  i n c l u d e  

BC13,  BBr3,  B(C2H5)Cl2,  B(OC2H5)Cl2,  B(OC2H5)2Cl, 

B(C6H5)Cl2,  B(OC6H5)Cl2,  B(C6H13)Cl2,  B(OC6H13)Cl2, 
and  B(OC6H5)2Cl.  Boron  t r i c h l o r i d e   is  the  p a r t i c u l a r l y  

p r e f e r r e d   boron  compound. 

The  a c t i v a t o r   compound  has  the  s t r u c t u r e  

where  X"  is  Cl  or  OR"';  R"  and  R"'  are  t h e  

same  or  d i f f e r e n t   and  are  s a t u r a t e d   h y d r o c a r b o n  

r a d i c a l s   c o n t a i n i n g   from  1  to  14  carbon  a t o m s ,  

e  is  0  to  1.5,  f  is  1  or  0  and  d  +  e  +  f  =3.  

Such  a c t i v a t o r   compounds  can  be  used  i n -  

d i v i d u a l l y   or  in  combinat ions   t he r eo f   and  would  i n -  

clude  Al(C2H5)3,  Al(C2H5)2Cl,  A l ( i - C 4 H 9 ) 3 ,  

Al2(C2H5)3Cl3,   Al(i-C4H9)2H,  Al(C6H13)3,  Al (C2H17)3 ,  

Al(C2H5)2H  and  Al(C2H5)2(OC2H5). 



About .10  to  400,  and  p r e f e r a b l y   about  15 

to  30  mols  of  the  a c t i v a t o r   compound  are  used  per  mol  

of  the  t i t a n i u m   compound  in  a c t i v a t i n g   the  c a t a l y s t  

employed  in  the  p r e s e n t   i n v e n t i o n .  

The  c a r r i e r   m a t e r i a l s   are  s o l i d ,   p a r t i c u l a t e  

porous  m a t e r i a l s   which  are  i n e r t   to  the  o ther   components  

of  the  c a t a l y s t   c o m p o s i t i o n ,   and  to  the  o ther   a c t i v e  

components  of  the  r e a c t i o n   system.  These  c a r r i e r   m a t e r -  

i a l s   would  i nc lude   i n o r g a n i c   m a t e r i a l s   such  as  o x i d e s  

of  s i l i c o n   and /or   aluminum.  The  c a r r i e r   m a t e r i a l s   a r e  

used  in  the  form  of  dry  powders  having  an  average  p a r -  

t i c l e   s ize   of  from  about  10  microns  to  about  250  m i c r o n s ,  

and  p r e f e r a b l y   from  about  50  microns  to  about  150  m i c r o n s .  

These  m a t e r i a l s   are  also  porous  and  have  a  s u r f a c e   a r e a  

of  at  l e a s t   3  square  meters   per  gram;  and  p r e f e r a b l y   a t  

l e a s t   50  square   meters   per  gram.  C a t a l y s t   a c t i v i t y   o r  

p r o d u c t i v i t y   is  a p p a r e n t l y   also  improved  with  s i l i c a  

having  average  pore  s i zes   of  at  l e a s t   80  Angstrom  u n i t s ,  

and  p r e f e r a b l y   at  l e a s t   100  Angstrom  u n i t s .   The  c a r r i e r  

m a t e r i a l   should  be  dry,  tha t   i s ,   f ree   of  absorbed  w a t e r .  

Drying  of  the  c a r r i e r   m a t e r i a l   is  c a r r i e d   out  by  h e a t i n g  

i t   at  a  t e m p e r a t u r e   of  at  l e a s t   600°C.  A l t e r n a t i v e l y ,  

the  c a r r i e r   m a t e r i a l   d r i ed   at  a  t empera tu re   of  at  l e a s t  

200°C  may  be  t r e a t e d   with  about  1  weight  p e r c e n t   t o  

about  8  weight   p e r c e n t   of  one  or  more  of  the  a luminum 

compounds  d e s c r i b e d   above.  This  m o d i f i c a t i o n   of  t h e  

suppor t   by  the  aluminum  compounds  p rov ides   the  c a t a l y s t  

c o m p o s i t i o n   with  i n c r e a s e d   a c t i v i t y   and  a lso  i m p r o v e s  

polymer  p a r t i c l e   morphology  of  the  r e s u l t i n g   e t h y l e n e  

po lymers .   Other  o r g a n o m e t a l l i c   compounds,  such  a s  

d i e t h y l z i n c , m a y   a l so   be  used  to  modify  the  s u p p o r t .  



C a t a l y s t   P r e p a r a t i o n :   Formation  of  P r e c u r s o r  

The  p r e c u r s o r   composi t ion   employed  in  t h e  

p r e s e n t   i n v e n t i o n   is  formed  by  d i s s o l v i n g   the  t i t a n i u m  

compound  and  the  magnesium  compound  in  the  e l e c t r o n  

donor  compound  at  a  t empera tu re   of  about  20°C  up  to  t h e  

b o i l i n g   po in t   of  the  e l e c t r o n   donor  compound.  The  t i t a n -  

ium  compound  can  be  added  to  the  e l e c t r o n   donor  compound 

be fo re   or  a f t e r   the  a d d i t i o n   of  the  magnesium  compound, 

or  c o n c u r r e n t   t h e r e w i t h .   The  d i s s o l u t i o n   of  the  t i t a n i u m  

compound  and  the  magnesium  compound  can  be  f a c i l i t a t e d   by 

s t i r r i n g ,   and  in  some  i n s t a n c e s   by  r e f l u x i n g , t h e s e   two 

compounds  in  the  e l e c t r o n   donor  compound.  Af te r   the  t i t a n -  

ium  compound  and  the  magnesium  compound  are  d i s s o l v e d ,   t h e  

p r e c u r s o r   c o m p o s i t i o n   may  be  i s o l a t e d   by  c r y s t a l l i z a t i o n  

or  by  p r e c i p i t a t i o n   with  an  a l i p h a t i c   or  a romat ic   h y d r o -  

carbon  c o n t a i n i n g   from  5  to  8  carbon  atoms,  such  as  h e x a n e ,  

i s o p e n t a n e   or  benzene .   The  c r y s t a l l i z e d   or  p r e c i p i t a t e d  

p r e c u r s o r   c o m p o s i t i o n   may  be  i s o l a t e d   in  the  form  of  f i n e ,  

f r ee   f lowing  p a r t i c l e s   having  an  average  p a r t i c l e   s ize   o f  

from  about  10  microns   to  about  100  microns  a f t e r   drying  a t  

t e m p e r a t u r e s   up  to  60°C. 

About  0.5  mol  to  about  56  mols,   and  p r e f e r a b l y . '  

a b o u t  1   to  10  mols,   of  the  magnesium  compound  are  u s e d  

per   mol  of  the  t i t a n i u m   compound  in  p r e p a r i n g   the  c a t a -  

l y s t   c o m p o s i t i o n s   of  the  p re sen t   i n v e n t i o n .  -  



C a t a l y s t   P r e p a r a t i o n :   D i l u t i o n   of  P r e c u r s o r   With  S u p p o r t  

The  p r e c u r s o r   compos i t ion   is  then  d i l u t e d   w i t h  

the  i n e r t   c a r r i e r   m a t e r i a l   by  (1)  m e c h a n i c a l l y   mixing  o r  

(2)  i m p r e g n a t i n g   such  compos i t ion   in to   the  c a r r i e r   m a t e -  

r i a l .  

Mechanica l   mixing  of  the  i n e r t   c a r r i e r   and  , 

p r e c u r s o r   compos i t i on   is  e f f e c t e d   by  b l end ing   t h e s e  

m a t e r i a l s   t o g e t h e r   using  c o n v e n t i o n a l   t e c h n i q u e s .   The 

b lended   mix tu re   s u i t a b l y   con t a in s   from  about  10  p e r c e n t  

by  weight  to  about  50  pe rcen t   by  weight   of  the  p r e c u r s o r  

c o m p o s i t i o n .  

I m p r e g n a t i o n   of  the  i n e r t   c a r r i e r   m a t e r i a l  

with  the  p r e c u r s o r   compos i t ion   may  be  accompl ished   by  

d i s s o l v i n g   the  p r e c u r s o r  c o m p o s i t i o n   in  the  e l e c t r o n  

donor  compound,  and  by  then  admixing  the  suppor t   w i t h  

the  d i s s o l v e d   p r e c u r s o r   compos i t ion   to  impregnate   t h e  

s u p p o r t .   The  s o l v e n t   is  then  removed  by  drying  a t  

t e m p e r a t u r e s   up  to  70°C.  

The  suppor t   may  also  be  impregna ted   with  t h e  

p r e c u r s o r   c o m p o s i t i o n   by  adding  the  suppor t   to  a  s o l u t i o n  

of  the  chemica l   raw  m a t e r i a l s   used  to  form  the  p r e c u r s o r  .  

c o m p o s i t i o n   in  the  e l e c t r o n   donor  compound,  wi thout   i s o -  

l a t i n g   the  p r e c u r s o r   compos i t ion   from  sa id   s o l u t i o n .   The 

excess  e l e c t r o n   donor  compound  is  then  removed  by  d r y i n g  

at  t e m p e r a t u r e s   up  to  70°C. 

When  thus  made  as  d i s c l o s e d   above  the  b l e n d e d  

or  impregna ted   p r e c u r s o r   compos i t ion   has  the  f o r m u l a  

where in   ED  is  the  e l e c t r o n   donor  compound, 

m  is  0.5  to  56,  and  p r e f e r a b l y   1.5  to  5 ,  



n  is  0,  1  or   2 ,  

p  is  2  to  116,  and  p r e f e r a b l y   6  to  1 4 ,  

q  is  2  to  85,  and  p r e f e r a b l y   3  to  1 0 ,  

R  is  an  a l i p h a t i c   or  a romat ic   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  atoms,  or  COR' 

wherein  R'  is  a l so   an  a l i p h a t i c   or  a romat ic   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  atoms,  and  

X  is  s e l e c t e d   from Cl,  Br,  I,  and  

mix tu r e s   t h e r e o f .  

T h e  s u b s c r i p t   for  the  element  t i t a n i u m   ( T i )  

is  the  a r ab ic   numeral   o n e .  

S u i t a b l y ,   the  impregnated  c a r r i e r   m a t e r i a l  

c o n t a i n s   from  about  3  pe rcen t   by  weight  to  about  50  p e r c e n t  

by  weight ,   p r e f e r a b l y   from  about  10  pe rcen t   by  weight  t o  

about  30  p e r c e n t   by  w e i g h t , o f   the  p r e c u r s o r   c o m p o s i t i o n .  

Trea tment   of  P r e c u r s o r   with  Boron  Halide  Compound 

A f t e r   b l end ing   or  impregna t ing   the  p r e c u r s o r  

compos i t i on   in to   the  c a r r i e r   m a t e r i a l ,   the  d i l u t e d   p r e -  

c u r s o r   c o m p o s i t i o n   is  t r e a t e d   with  the  boron  h a l i d e  

compound.  Trea tment   can  b e  e f f e c t e d   by  d i s s o l v i n g   t h e  

boron  h a l i d e   compound  in  an  i n e r t   l i q u i d   so lven t   and  

app ly ing   the  r e s u l t i n g   s o l u t i o n   to  the  d i l u t e d   p r e c u r s o r  

compos i t ion   in  any  conven ien t   manner,  p r e f e r a b l y   by  s i m p l y  

immersing  the  d i l u t e d   p r e c u r s o r   composi t ion   in  the  s o l u t i o n .  

The  so lven t   employed  must  be  n o n - p o l a r ,   i n e r t   to  the  b o r o n  

h a l i d e   compound  and  a l l   the  components  of  the  c a t a l y s t ,  

and  capable   of  d i s s o l v i n g   the  boron  ha l i de   compound  b u t  

not  the  p r e c u r s o r   compos i t i on .   Polar   so lven t s   are  u n d e s i -  

r a b l e   because  they  d i s s o l v e   and  form  complexes  with  t h e  



p r e c u r s o r   compos i t i on   as  well  as  with  the  boron  h a l i d e  

compound.  In  order   to  avoid  the  fo rma t ion   of  such  com- 

p l e x e s ,   i t  i s   e s s e n t i a l   to  t r e a t   the  p r e c u r s o r   c o m p o s i t i o n  

w i t h   a  s o l u t i o n   of  the  boron  h a l i d e   compound  in  a  n o n -  

p o l a r   s o l v e n t   as  an  independen t   s tep  a f t e r   fo rma t ion   o f  

the  p r e c u r s o r   compos i t ion   in  a  p o l a r   e l e c t r o n   d o n o r  

s o l v e n t .  

If   d e s i r e d ,   the  d i l u t e d   p r e c u r s o r   c o m p o s i t i o n  

may  be  added  to  the  i n e r t   l i q u i d   s o l v e n t   to  form  a  s l u r r y  

b e f o r e   the  boron  h a l i d e   compound  is  d i s s o l v e d   in  t h e  

s o l v e n t .   This  t echn ique   is  p a r t i c u l a r l y   s u i t a b l e   when 

a  gaseous  m a t e r i a l ,   such  as  BC13,  is  employed.  Such 

gaseous  m a t e r i a l   can  be  d i s s o l v e d   in  the  so lven t   a f t e r  

f o r m a t i o n   of  the  s l u r r y   by  bubb l ing   i t   through  the  s l u r r y  

or,  i f   d e s i r e d ,   by  f i r s t   l i q u i f y i n g   i t   and  then  adding  i t  

to  the  s l u r r y .   A l t e r n a t i v e l y ,   the  boron  h a l i d e   compound 

can  be  d i s s o l v e d   in  an  i n e r t   l i q u i d   s o l v e n t   be fo re   i t   i s  

added  to  the  s l u r r y   or,  if   d e s i r e d ,   d i r e c t l y   added  to  t h e  

dry  d i l u t e d   p r e c u r s o r   c o m p o s i t i o n .  

Among  the  so lven t s   which  can  be  employed  t o  

d i s s o l v e   the  boron  h a l i d e   compound  are  hydrocarbon   s o l -  

v e n t s ,   i n c l u d i n g   s u b s t i t u t e d   hydroca rbon   s o l v e n t s ,   s u c h  

a s   i s o p e n t a n e ,   hexane,   hep tane ,   t o l u e n e ,   xy lene ,   n a p t h a  

and  methy lene   c h l o r i d e .   P r e f e r a b l y ,   such  s o l v e n t s   a r e  

employed  t o g e t h e r   with  the  boron  h a l i d e   compound  i n  

such  amounts  tha t   the  r e s u l t i n g   s o l u t i o n   con t a in s   f rom 

about  1  p e r c e n t   by  weight  to  about  15  pe rcen t   by  w e i g h t  

o f   the  boron  h a l i d e   compound. 

Usua l ly   t r e a t m e n t   of  the  d i l u t e d   p r e c u r s o r  

c o m p o s i t i o n   with  the  boron  h a l i d e   compound  is  e f f e c t e d  

at  room  t e m p e r a t u r e .   However,  if  d e s i r e d ,   t r e a t m e n t  



can  be  e f f e c t e d   at  a  t e m p e r a t u r e   as  low  as  about  - 3 0 ° C .  

When  the  boron  h a l i d e   is  app l i ed   in  s o l u t i o n ,   t h e  

t e m p e r a t u r e   should  not  exceed  the  b o i l i n g   poin t   of  t h e  

s o l u t i o n .   In  any  event ,   the  p r e c u r s o r   c o m p o s i t i o n  

should   be  a l l o w e d . t o   absorb  a  s u f f i c i e n t   amount  of  a  

s u f f i c i e n t l y   c o n c e n t r a t e d   boron  h a l i d e   s o l u t i o n ,   or  ,  

gaseous  boron  h a l i d e   compound,  such  tha t   i t   w i l l  c o n -  

t a i n ,   a f t e r   d ry ing ,   from  about  0.1  mol  to  about  3.0  m o l s ,  

p r e f e r a b l y   from  about  0.3  mol  to  about  1.0  mol,  of  t h e  

boron  h a l i d e   compound  per  mol  of  e l e c t r o n   donor  in  t h e  

p r e c u r s o r   compos i t i on .   G e n e r a l l y ,   t r e a t m e n t   pe r iods   o f  

from  about  1  hour  to  about  24  hours ,   u s u a l l y   from  a b o u t  

4  hours  to  about  10  hours ,   are  s u f f i c i e n t   for  the  p u r p o s e .  

A c t i v a t i o n   of  P r e c u r s o r   C o m p o s i t i o n  

In  order   to  be  u s e f u l   in  producing  e t h y l e n e  

po lymers ,   t h e   t r e a t e d   p r e c u r s o r   compos i t ion   must  f i r s t  

be  a c t i v a t e d ,   that   i s ,   i t   must  be  t r e a t e d   with  s u f f i c i e n t  

a c t i v a t o r   compound  to  t r ans fo rm  the  Ti  atoms  in  the  p r e -  

c u r s o r   compos i t i on   to  an  a c t i v e   s t a t e .  

The  p r e c u r s o r   compos i t ion   may  be  

p a r t i a l l y   a c t i v a t e d   be fore   i t   is  i n t r o d u c e d   in to   t h e  

p o l y m e r i z a t i o n   r e a c t o r .   When  the  p r e c u r s o r   c o m p o s i t i o n  

is  p a r t i a l l y   a c t i v a t e d   in  th i s   manner,  enough  a c t i v a t o r  

should   be  employed  to  p rov ide   the  p r e c u r s o r   c o m p o s i t i o n  

w i t h   an  a c t i v a t o r   compound/Ti  molar  r a t i o   of  up  to  1 0 : 1 ,  

and  p r e f e r a b l y   of  about  4:1  to  about  8:1.  This  p a r t i a l  

a c t i v a t i o n   r e a c t i o n   is  p r e f e r a b l y   c a r r i e d   out  in  a  h y d r o -  

carbon  s o l v e n t   s l u r r y   fo l lowed  by  drying  of  the  r e s u l t i n g  



m i x t u r e ,   to  remove  the  so lven t ,   at  t e m p e r a t u r e s   b e t w e e n  

about  20°  and  80°C.,  p r e f e r a b l y   between  about  50°C  and 

.  70°C.  The  r e s u l t i n g   product   is  a  f r e e - f l o w i n g   s o l i d  

p a r t i c u l a t e   m a t e r i a l   which  can  be  r e a d i l y   fed  to  t h e  

p o l y m e r i z a t i o n   r e a c t o r   where  the  a c t i v a t i o n   is  c o m p l e t e d  

wi th   a d d i t i o n a l   a c t i v a t o r   compound  which  can  be  the  same  o r  

a  d i f f e r e n t   compound. 

If  d e s i r e d ,   p a r t i a l   a c t i v a t i o n   may  be  c a r r i e d  

out  in  the  same  s l u r r y   in  which  the  p r e c u r s o r   c o m p o s i t i o n  

is  t r e a t e d   with  the  boron  ha l ide   compound. 

A l t e r n a t i v e l y ,   when  an  impregna ted   p r e c u r s o r  

c o m p o s i t i o n   is  employed,  i t   may,  i f   d e s i r e d ,   be  c o m p l e t e l y  

a c t i v a t e d   in  the  p o l y m e r i z a t i o n   r e a c t o r   wi thou t   any  p r i o r  

a c t i v a t i o n   o u t s i d e   of  the  r e a c t o r .  

The  p a r t i a l l y   a c t i v a t e d   or  t o t a l l y   u n a c t i v a -  

ted  p r e c u r s o r   compos i t ion   and  the  r e q u i r e d   amount  o f  

a c t i v a t o r   compound  neces sa ry   to  complete   a c t i v a t i o n   o f  

t h e   p r e c u r s o r   compos i t ion   are  p r e f e r a b l y   fed  to  t h e  

. r e a c t o r   through  s e p a r a t e   feed  l i n e s .   The  a c t i v a t o r   com- 

pound  may  be  sprayed  into  the  r e a c t o r   in  the  form  of  a  
s o l u t i o n   t h e r e o f  i n   a  hydrocarbon  s o l v e n t   such  as  i s o -  

p e n t a n e ,   hexane,   or  minera l   o i l .   This  s o l u t i o n   u s u a l l y  

c o n t a i n s   from  about  2  to  about  30  weight   p e r c e n t   of  t h e  

a c t i v a t o r   compound.  The  a c t i v a t o r   compound  is  added  t o  

the  r e a c t o r   in  such  amounts  as  to  p r o v i d e ,   in  the  r e a c t o r ,  

a  t o t a l   A l /T i   molar  r a t i o   of  from  10:1  to  400:1 ,   and  

p r e f e r a b l y   of  about  15:1  to  3 0 : 1 .  



In  a  con t inuous   gas  phase  p r o c e s s ,   such  as  t h e  

f l u i d   bed  p rocess   d i s c l o s e d   below,  d i s c r e t e   p o r t i o n s   o f  

t h e   p a r t i a l l y   a c t i v a t e d   or  t o t a l l y   u n a c t i v a t e d   p r e c u r s o r  

c o m p o s i t i o n   are  c o n t i n u o u s l y   fed  to  the  r e a c t o r ,   w i t h  

d i s c r e t e   p o r t i o n s   of  a c t i v a t o r   compound  needed  to  c o m p l e t e  

the  a c t i v a t i o n   of  the  p a r t i a l l y   a c t i v a t e d   p r e c u r s o r   com-  , 

p o s i t i o n   or  to  a c t i v a t e   the  u n a c t i v a t e d   p r e c u r s o r   com- 

p o s i t i o n ,   dur ing  the  c o n t i n u i n g   p o l y m e r i z a t i o n   p r o c e s s  

in  o rder   to  r e p l a c e   a c t i v e   c a t a l y s t   s i t e s   tha t   are  e x p e n d e d  

dur ing   the  course   of  the  r e a c t i o n .  

The  P o l y m e r i z a t i o n   R e a c t i o n  

The  p o l y m e r i z a t i o n   r e a c t i o n   is  conducted  by 

c o n t a c t i n g   a  s t ream  of  the  monomer(s) ,   in  a  gas  p h a s e  

p r o c e s s ,   such  as  in  the  f l u i d   bed  p rocess   d e s c r i b e d  

below,  and  s u b s t a n t i a l l y   in  the  absence  of  c a t a l y s t  

po i sons   such  as  m o i s t u r e ,   oxygen,  CO,  C02,  and  a c e t y l e n e  

with  a  c a t a l y t i c a l l y   e f f e c t i v e   amount  of  the  c o m p l e t e l y  

a c t i v a t e d   p r e c u r s o r   compos i t i on   (the  c a t a l y s t )   at  a  

t e m p e r a t u r e   and  at  a  p r e s s u r e   s u f f i c i e n t   to  i n i t i a t e   t h e  

p o l y m e r i z a t i o n   r e a c t i o n .  

In  order   to  ob t a in   the  de s i r ed   high  d e n s i t y  

e t h y l e n e   polymers ,   no  more  than  3  mol  pe rcen t   of  any 

o the r   alpha  o l e f i n   should  be  copo lymer ized   w i t h  t h e  

e t h y l e n e   monomer.  For  th i s   reason ,   no  more  than  50 

mol  p e r c e n t   of  such  alpha  o l e f i n   should  be  p r e sen t   i n  

the  r e c y c l e d   gas  s t ream  of  monomers  in  the  r e a c t o r .  



A  f l u i d i z e d   bed  r e a c t i o n   system  which  can  b e  

used  in  the  p r a c t i c e   of  the  p rocess   of  the  p r e s e n t   i n -  

v e n t i o n   is  i l l u s t r a t e d   in  the  drawing.  With  r e f e r e n c e  

t h e r e t o   the  r e a c t o r   1  c o n s i s t s   of  a  r e a c t i o n   zone  2  a n d  

a  v e l o c i t y   r e d u c t i o n   zone  3 .  

The  r e a c t i o n   zone  2  comprises   a  bed  of  g rowing  

polymer  p a r t i c l e s ,   formed  polymer  p a r t i c l e s   and  a  m i n o r  

amount  of  c a t a l y s t   p a r t i c l e s   f l u i d i z e d   by  the  c o n t i n u o u s  

flow  of  p o l y m e r i z a b l e   and  modifying  gaseous  components  i n  

the  form  of  make-up  feed  and  r e c y c l e   gas  through  t h e  

r e a c t i o n   zone.  To  m a i n t a i n   a  v i a b l e   f l u i d i z e d   bed,  t h e  

mass  gas  flow  r a t e   through  the  bed  must  be  above  t h e  

minimum  flow  r e q u i r e d   for  f l u i d i z a t i o n ,   and  p r e f e r a b l y  

from  about  1.5  t o  a b o u t   10  times  Gmf,  and  more  p r e f e r a b l y  

from  about  3  to  about  6  times  Gmf.  Gmf  is  used  in  t h e  

accep ted   form  as  the  a b b r e v i a t i o n   for  the  minimum  mass 

gas  flow  r e q u i r e d   to  achieve   f l u i d i z a t i o n ,   C.Y.  Wen  and  

Y.H.  Yu,  "Mechanics  of  F l u i d i z a t i o n " ,   Chemical  E n g i n e e r i n g  

P r o g r e s s   Symposium  S e r i e s ,   Vol.  62,  p.  100-111  ( 1 9 6 6 ) .  

I t   is  e s s e n t i a l   tha t   the  bed  always  c o n t a i n s  

p a r t i c l e s   to  p r even t   the  fo rmat ion   of  l o c a l i z e d   "hot  s p o t s "  

and  to  en t rap   and  d i s t r i b u t e   the  p a r t i c u l a t e   c a t a l y s t  

t h r o u g h o u t   the  r e a c t i o n   zone.  On  s t a r t   up,  the  r e a c t o r  

is  u s u a l l y   charged  with  a  base  of  p a r t i c u l a t e   p o l y m e r  

p a r t i c l e s   before   gas  flow  is  i n i t i a t e d .   Such  p a r t i c l e s  

may  be  i d e n t i c a l   in  n a t u r e   to  the  polymer  to  be  f o rmed  



or  d i f f e r e n t   t he r e f rom.   When  d i f f e r e n t ,   they  are  w i t h -  

drawn  with  the  d e s i r e d   formed  polymer  p a r t i c l e s   as  t h e  

f i r s t   p roduc t .   E v e n t u a l l y ,   a  f l u i d i z e d   bed  of  t h e  

d e s i r e d   polymer  p a r t i c l e s   s u p p l a n t s   t h e  s t a r t - u p   b e d .  

The  p a r t i a l l y   a c t i v a t e d   or  t o t a l l y   u n a c t i v a t e d  

p r e c u r s o r   compos i t ion   used  in  the  f l u i d i z e d   bed  i s  

p r e f e r a b l y   s to red   for  s e r v i c e   in  a  r e s e r v o i r   4  under  a  

b l a n k e t   of  a  gr.  which  is  i n e r t   to  the  s to red   m a t e r i a l ,  

such  as  n i t r o g e n   or  a r g o n .  

F l u i d i z a t i o n   is  achieved  by  a  high  ra te   o f  

gas  r e c y c l e   to  and  through  the  bed,  t y p i c a l l y  i n   t h e  

o rder   of  about  50  times  the  r a t e   of  feed  of  make-up  g a s .  

The  f l u i d i z e d   bed  has  the  g e n e r a l   appearance   of  a  d e n s e  

m a s s   of  v i a b l e   p a r t i c l e s   in  p o s s i b l e   f r e e - v o r t e x   flow  a s  

c r e a t e d   by  the  p e r c o l a t i o n   of  gas  through  the  bed.  The 

p r e s s u r e   drop  through  the  bed  is  equal  to  or  s l i g h t l y  

g r e a t e r   than  the  mass  of  the  bed  d iv ided   by  the  c r o s s -  

s e c t i o n a l   a rea .   I t   is  thus  dependent   on  the  geometry  o f  

the  r e a c t o r .  

Make-up  gas  is  fed  to  the  bed  at  a  r a t e   e q u a l  

t o   the  r a t e   at  which  p a r t i c u l a t e   polymer  product   is  w i t h -  

drawn.  The  compos i t ion   of  the  make-up  gas  is  d e t e r m i n e d  

by  a  gas  a n a l y z e r   5  p o s i t i o n e d   above  the  bed.  The  ga s  

a n a l y z e r   de te rmines   the  compos i t i on   of  the  gas  b e i n g  

r e c y c l e d   and  the  compos i t i on   of  the  make-up  gas  i s  

a d j u s t e d   a c c o r d i n g l y   to  m a i n t a i n   an  e s s e n t i a l l y   s t e a d y  

s t a t e   gaseous  compos i t i on   w i th in   the  r e a c t i o n   zone .  



To  ensure   complete  f l u i d i z a t i o n ,   the  r e c y c l e  

gas  and,  where  d e s i r e d ,   pa r t   of  the  make-up  gas  a r e  

r e t u r n e d   over  gas  r e c y c l e   l i ne   6  to  the  r e a c t o r   a t  

p o i n t   7  below  the  bed.  At  tha t   po in t   t he re   is  a  ga s  

d i s t r i b u t i o n   p l a t e   8  above  the  poin t   of  r e t u r n   to  a i d  

in  f l u i d i z i n g   the  b e d .  

The  p o r t i o n   of  the  gas  s tream  which  does  n o t  

r e a c t   in  the  bed  c o n s t i t u t e s   the  r e c y c l e   gas  which  i s  

removed  from  the  p o l y m e r i z a t i o n   zone,  p r e f e r a b l y   by  

pas s ing   i t   in to  a  v e l o c i t y   r e d u c t i o n   zone-3  above  t h e  

bed  where  e n t r a i n e d   p a r t i c l e s   are  given  an  o p p o r t u n i t y  

to  drop  back  in to   the  b e d .  

T h e  r e c y c l e   gas  is  then  compressed  in  a  

compressor   9  and  then  passed  through  a  hea t   e x c h a n g e r  

10  wherein   i t   is  s t r i p p e d   of  heat  of  r e a c t i o n   be fo re   i t  

is   r e t u r n e d   to  the  bed.  The  t empera tu re   of  t he  bed   i s  

c o n t r o l l e d   at  an  e s s e n t i a l l y   cons t an t   t e m p e r a t u r e   u n d e r  

s teady   s t a t e   c o n d i t i o n s   by  c o n s t a n t l y   removing  heat   o f  

r e a c t i o n .   No  n o t i c e a b l e   t empera tu re   g r a d i e n t   appears   t o  

e x i s t   w i th in   the  upper  p o r t i o n   of  the  bed.  A  t e m p e r a t u r e  

g r a d i e n t   w i l l   e x i s t   in  the  bottom  of  the  b e d . i n   a  l a y e r  

of  about  6  to  12  i nches ,   between  the  t e m p e r a t u r e   of  t h e  

i n l e t  g a s   and  the  t empera tu re   of  the  r emainder   of  t h e  

bed.  The  r e c y c l e   is  then  r e tu rned   to  the  r e a c t o r   at  i t s  

base  7  and  to  the  f l u i d i z e d   bed  through  d i s t r i b u t i o n  

p l a t e   8.  The  compressor   9  can  also  be  p l aced   downst ream 

of  the  heat   exchanger   10 .  

The  d i s t r i b u t i o n   p l a t e   8  p lays   an  i m p o r t a n t  

ro l e   in  t h e  o p e r a t i o n   of  the  r e a c t o r .   The  f l u i d i z e d   b e d  

c o n t a i n s   growing  and  formed  p a r t i c u l a t e   polymer  p a r t i c l e s  



as  well   as  c a t a l y s t   p a r t i c l e s .   As  the  polymer  p a r t i c l e s  

are  hot  and  p o s s i b l e   a c t i v e ,   they  must  be  p reven ted   f rom 

s e t t l i n g ,   for  if   a  q u i e s c e n t   mass  is  allowed  t o  e x i s t ,  

any  a c t i v e   c a t a l y s t   con t a ined   t h e r e i n   may  cont inue   t o  

r e a c t   and  cause  f u s i o n .   D i f f u s i n g   r e c y c l e   gas  t h r o u g h  

the  bed  at  a  r a t e   s u f f i c i e n t   to  m a i n t a i n   f l u i d i z a t i o n   . 

t h roughou t   the  bed  i s ,   t h e r e f o r e ,   i m p o r t a n t .   The  d i s t r i -  

bu t ion   p l a t e   8  serves   th is   purpose  and  may  be  e .g.   a  screen,  

s l o t t e d   p l a t e ,   p e r f o r a t e d   p l a t e ,   or  a  p l a t e   of  the  b u b b l e -  

cap  t y p e .   The  e lements   of  the  p l a t e   may  a l l  

b e .  s t a t i o n a r y ,   or  the  p l a t e   may  be  of  the  mobile  t y p e  

d i s c l o s e d   in  U.S.  3 ,298 ,792 .   Whatever  i t s   des ign,   i t  

must  d i f f u s e   the  r e c y c l e   gas  through  the  p a r t i c l e s   at  t h e  

base  of  the  bed  to  keep  the  bed  in  a  f l u i d i z e d   c o n d i t i o n ,  

and  also  serve  to  suppor t   a  q u i e s c e n t   bed  of  r e s in   p a r -  

t i c l e s   when  the  r e a c t o r   is  not  in  o p e r a t i o n .   The  m o b i l e  

e lements   of  the  p l a t e   may  be  used  to  d i s l o d g e  a n y   po lymer  

p a r t i c l e s   en t r apped   in  or  on  the  p l a t e .  

Hydrogen  is  used  as  a  chain  t r a n s f e r   a g e n t  

in  the  p o l y m e r i z a t i o n   r e a c t i o n   of  the  p r e s e n t   i n v e n t i o n .  

The  r a t i o   of  h y d r o g e n / e t h y l e n e   employed  w i l l   vary  be tween  

0.1  to  about  2.0  moles  of  hydrogen  per  mole  of  the  monomer 

in  the  gas  s t r e a m .  

Any  gas  i n e r t   to  the  c a t a l y s t   and  r e a c t a n t s   c an  

also  be  p r e s e n t   in  the  gas  s tream.  The  a c t i v a t o r   compound 

is  p r e f e r a b l y   added  to  the  r e a c t i o n   system  downstream  f rom 

heat   e x c h a n g e r  1 0 .   Thus,  the  a c t i v a t o r   compound  may  b e  

f e d   in to   the  gas  r e c y c l e   system  from  d i s p e n s e r   11  t h r o u g h  

l ine   12 .  



Compounds  of  the  s t r u c t u r e   Zn(Ra)(Rb) ,   w h e r e i n  

Ra  and  Rb  are  the  same  or  d i f f e r e n t   a l i p h a t i c   or  a r o m a t -  

ic  hydrocarbon   r a d i c a l s   c o n t a i n i n g   from  1  to  14  c a r b o n  

atoms,  may  be  used  in  c o n j u n c t i o n   with  hydrogen,   w i t h  

the  t r e a t e d   c a t a l y s t s   of  the  p r e s e n t   i n v e n t i o n ,   as  m o l e c -  

u l a r   weight  c o n t r o l   or  chain  t r a n s f e r   agen t s ,   tha t   i s ,  

to  i n c r e a s e   the  melt  index  values   of  the  polymers  t h a t  

are  produced.   About  0  to  about  100,  and  p r e f e r a b l y   a b o u t  

20  to  about  30  moles  of  t h e  z i n c   compound  (as  Zn)  would  

be  used  in  the  gas  s tream  in  the  r e a c t o r   per  mol  o f  

t i t a n i u m   compound  (as  Ti)  in  the  r e a c t o r .   The  zinc  com- 

pound  would  be  i n t r o d u c e d   in to   the  r e a c t o r ,   p r e f e r a b l y  

in  the  form  of  a  d i l u t e   s o l u t i o n   (about  2  to  about  30 

weight   p e r c e n t )   in  a  hydrocarbon   so lven t   or  absorbed  on 

a  s o l i d   d i l u e n t   m a t e r i a l ,   such  as  s i l i c a ,   in  amounts  o f  

about  10  to  about  50  weight  p e r c e n t .   These  c o m p o s i t i o n s  

tend  to  be  p y r o p h o r i c .   The  zinc  compound  may  be  added 

a lone ,   or  with  any  a d d i t i o n a l   p o r t i o n s   of  the  a c t i v a t o r  

compound  tha t   are  to  be  added  to  the  r e a c t o r ,   from  a  

f e e d e r ,   not  shown,  which  cou ld  be   p o s i t i o n e d   a d j a c e n t   t o  

d i s p e n s e r   11 .  

I t   is  e s s e n t i a l   to  opera te   the  f l u i d   bed  r e -  

a c t o r   at  a  t e m p e r a t u r e   below  the  s i n t e r i n g   t e m p e r a t u r e  

of  the  polymer  p a r t i c l e s   to  insure   tha t   s i n t e r i n g   w i l l  

not  occur.   To  produce  high  dens i ty   polymers  h a v i n g .  

high  melt  i n d i c e s   and  low  melt  flow  r a t i o s ,   an  o p e r a t i n g  

t e m p e r a t u r e   of  from  about  90°C.  to  about  l15°C.  is  p r e -  

f e r r e d .   As  e x p l a i n e d   above,  a f t e r   t r e a t m e n t   with  a  

boron  h a l i d e   compound  in  accordance  with  the  p r e s e n t  

i n v e n t i o n ,   the  c a t a l y s t s   employed  in  the  p o l y m e r i z a t i o n  



process   are  r ende red   more  s t ab l e   when  exposed  to  t e m p e r a -  

tu res   in  excess  of  90°C.  and  are  capable   of  p r o d u c i n g  

polymers  at  h ighe r   p r o d u c t i v i t i e s   and  with  less   accompany- 

ing  e t hy l ene   h y d r o g e n a t i o n   than  when  l ike   u n t r e a t e d  

c a t a l y s t   compos i t i ons   are  e m p l o y e d .  

The  f l u i d   bed  r e a c t o r   is  ope ra ted   at  p r e s s u r e s  

of  up  to  about  1000  ps i ,   and  is  p r e f e r a b l y   ope ra ted   at  a 

p r e s s u r e   of  from  about  100  to  about  300  ps i ,   with  o p e r a -  

t i o n - a t   the  h ighe r   p r e s s u r e s   in  such  ranges  f a v o r i n g  

heat   t r a n s f e r   s ince   an  i n c r e a s e   in  p r e s s u r e   i n c r e a s e s   t h e  

u n i t   volume  heat   c a p a c i t y   of  the  g a s .  

The  p a r t i a l l y   a c t i v a t e d   or  t o t a l l y   u n a c t i v a t e d  

p r e c u r s o r   compos i t ion   is  i n j e c t e d   into  the  bed  at  a  r a t e  

equal   to  i t s   consumption  at  a  point   13  which  is  above 

the  d i s t r i b u t i o n   p l a t e   8.  P r e f e r a b l y ,   the  p r e c u r s o r  

compos i t i on   is  i n j e c t e d   at  a  poin t   i n . t h e  b e d  w h e r e   g o o d .  

mixing  of  polymer  p a r t i c l e s   occurs .   I n j e c t i n g   the  p r e -  

c u r s o r   compos i t ion   at  a  poin t   above  the  d i s t r i b u t i o n  

p l a t e   is  an  i m p o r t a n t   f e a t u r e   of  this   i n v e n t i o n .   S i n c e  

the  c a t a l y s t   formed  from  such  p r e c u r s o r   compos i t ion   i s  

h igh ly   a c t i v e ,   i n j e c t i o n   of  the  p r e c u r s o r   c o m p o s i t i o n  

in to   the  area  below  the  d i s t r i b u t i o n   p l a t e   may  c a u s e  

p o l y m e r i z a t i o n   to  begin  there   and  e v e n t u a l l y   c a u s e  

p lugging   of  the  d i s t r i b u t i o n   p l a t e .   I n j e c t i o n   into  t h e  

v i a b l e   bed,  i n s t e a d ,   aids  in  d i s t r i b u t i n g   the  c a t a l y s t  

th roughou t   the  bed  and  tends  to  p rec lude   the  f o r m a t i o n  

of  l o c a l i z e d   spots   of  high  c a t a l y s t   c o n c e n t r a t i o n   which 

may  r e s u l t  i n   the  fo rmat ion   of  "hot  spo t s " .   I n j e c t i o n  

of  the  p r e c u r s o r   compos i t ion   into  the  r e a c t o r   above  t h e  

bed  may  r e s u l t   in  exces s ive   c a t a l y s t   c a r ryove r   into  t h e  



r e c y c l e   l i n e   where  p o l y m e r i z a t i o n   may  begin  and  p l u g g i n g  

of  the  l i ne   and  heat   exchanger  may  e v e n t u a l l y   o c c u r .  

'  A  gas  which  is  i n e r t   to  the  c a t a l y s t ,   s u c h  

as  n i t r o g e n   or  argon,   is  used  to  c a r ry   the  p a r t i a l l y  

a c t i v a t e d   or  t o t a l l y   u n a c t i v a t e d   p r e c u r s o r   c o m p o s i t i o n  

in to   the  b e d .  

The  p r o d u c t i o n   r a t e   of  the  bed  is  c o n t r o l l e d  

by  the  r a t e   of  c a t a l y s t   i n j e c t i o n .   The  p r o d u c t i o n   r a t e  

may  b e  i n c r e a s e d   by  simply  i n c r e a s i n g   the  ra te   of  c a t a l y s t  

i n j e c t i o n   and  decreased   by  r educ ing   the  r a t e   of  c a t a l y s t  

i n j e c t i o n .  

Since  any  change  in  the  r a t e   of  c a t a l y s t   i n -  

j e c t i o n   w i l l   change  the  r a t e   of  g e n e r a t i o n   of  the  h e a t  

of  r e a c t i o n ,   the  t empera tu re   of  the  r e c y c l e   gas  e n t e r i n g  

the  r e a c t o r   is  a d j u s t e d   upwards  and  downwards  to  accommo- 

date   the  change  in  r a t e   of  heat   g e n e r a t i o n .   This  e n s u r e s  

the  ma in t enance   of  an  e s s e n t i a l l y   c o n s t a n t   t e m p e r a t u r e   i n  

the  bed.  Complete  i n s t r u m e n t a t i o n   of  both  the  f l u i d i z e d  

bed  and  the  r e c y c l e   gas  coo l ing   system  i s ,   of  c o u r s e ,  

n e c e s s a r y   to  d e t e c t   any  t e m p e r a t u r e   change  in  the  bed  so  

as  to  enable   the  o p e r a t o r   to  make  -a  s u i t a b l e   a d j u s t m e n t  

in  the  t e m p e r a t u r e   of  the  r e c y c l e   g a s .  

Under  a  given  set  of  o p e r a t i n g   c o n d i t i o n s ,   t h e  

f l u i d i z e d   bed  is  ma in t a ined   at  e s s e n t i a l l y   a  c o n s t a n t  

h e i g h t   by  wi thdrawing   a  p o r t i o n   of  the  bed  as  p roduc t   a t  

a  r a t e   equal   to  the  ra te   of  fo rma t ion   of  the  p a r t i c u l a t e  

polymer  p r o d u c t .   Since  the  r a t e   of  heat   g e n e r a t i o n   i s  

d i r e c t l y   r e l a t e d   to  product   f o r m a t i o n ,   a  measurement  o f  

the  t e m p e r a t u r e   r i s e   of  the  gas  ac ross   the  r e a c t o r   ( t h e  



d i f f e r e n c e   between  i n l e t   gas  t empera tu re   and  ex i t   gas  

t e m p e r a t u r e )   is  d e t e r m i n a t i v e   of  the  ra te   of  p a r t i c u l a t e  

polymer  f o r m a t i o n   at  a  cons t an t   gas  v e l o c i t y .  

The  p a r t i c u l a t e   polymer  product   is  p r e f e r a b l y  

c o n t i n u o u s l y   wi thdrawn  at  a  p o i n t   14  a t . o r   c lose   to  t h e  

d i s t r i b u t i o n   p l a t e   8  and  in  suspens ion   with  a  p o r t i o n   o f  

the  gas  s t ream  which  is  vented  as  the  p a r t i c l e s   s e t t l e  

to  minimize  f u r t h e r   p o l y m e r i z a t i o n   and  s i n t e r i n g  w h e n   t h e  

p a r t i c l e s   reach  t h e i r   u l t i m a t e   c o l l e c t i o n   zone.  The 

suspending   gas  may  a l so   be  used  to  drive  the  product   o f  

one  r e a c t o r   to  a n o t h e r   r e a c t o r .  

The  p a r t i c u l a t e   polymer  product   is  c o n v e n i e n t l y  

and  p r e f e r a b l y   wi thdrawn  through  the  s e q u e n t i a l   o p e r a t i o n  

of  a  pa i r   of  timed  va lves   15  and  16  d e f i n i n g   a  s e g r e g a t i o n  

zone  17.  While  va lve   16  is  c losed ,   valve  15  is  opened  t o  

emit  a  plug  of  gas  and  product   to  the  zone  17  between  i t  

and  valve  15  which  is  then  c losed .   Valve  16  is  then  opened 

to  d e l i v e r   the  p roduc t   to  an  e x t e r n a l   recovery   zone.  V a l v e  

16  is  then  c lo sed   to  await  the  next  p roduct   recovery   o p e r a -  

t i on .   The  ven ted   gas  c o n t a i n i n g   un reac t ed   monomers  may  be  

r ecovered   from  zone  17  through  l ine   18  and  recompressed  i n  

compressor   19  and  r e t u r n e d   d i r e c t l y ,   or  through  a  p u r i f i e r  

20,  over  l i ne   21  to  gas  r ecyc le   l ine   6  at  a  poin t   u p s t r e a m  

of  the  r e c y c l e   compressor   9 .  

F i n a l l y ,   the  f l u i d i z e d   bed  r e a c t o r   is  e q u i p p e d  

with  an  adequa te   v e n t i n g   system  to  allow  ven t ing   the  bed  

dur ing   s t a r t   up  and  shut  down.  The  r e a c t o r   does  n o t  

r e q u i r e   the  use  of  s t i r r i n g   means  and/or   wall  s c r a p p i n g  

means.  The  r e c y c l e   gas  l ine   6  and  the  e lements   t h e r e i n  

(compressor   8,  hea t   exchanger   10)  should  be  smooth  s u r f a c e d ,  



and  devoid  of  unnecessa ry   o b s t r u c t i o n s   so  as  not  t o  

impede  the  flow  of  r ecyc le   g a s .  

The  h igh ly   a c t i ve   c a t a l y s t   system  of  t h i s  

i n v e n t i o n   y i e ld   a  f l u i d   bed  p roduc t   having  an  a v e r a g e  

p a r t i c l e   s ize   of  about  0.02  inches   to  about  0.05  i n c h e s ,  

and  p r e f e r a b l y   about  0.02  inches  to  about  0.04  i n c h e s ,  

in  d i ame te r   wherein  the  c a t a l y s t   r e s i d u e   is  u s u a l l y   l o w .  

The  polymer  p a r t i c l e s   are  r e l a t i v e l y   easy  to  f l u i d i z e   i n  

a  b e d .  

The  feed  stream  of  gaseous  monomer,  with  o r  

w i t h o u t   i n e r t   gaseous  d i l u e n t s ,   is  fed  in to   the  r e a c t o r  

at  a  space  time  y i e ld   of  about  2  to  10  p o u n d s / h o u r / c u b i c  

f o o t   of  bed  v o l u m e .  

The  term  v i r g i n   r e s i n   or  polymer  as  used  h e r e -  

in  means  polymer,   in  g r a n u l a r   form,  as  i t   is  r e c o v e r e d  

from  the  p o l y m e r i z a t i o n   r e a c t o r .  

The  fo l lowing   Examples  are  des igned  to  i l l u s t r a t e  

the  p rocess   of  the  p r e s e n t   i n v e n t i o n   and  are  not  i n t e n d e d  

as  a  l i m i t a t i o n   upon  the  scope  t h e r e o f .  

The  p r o p e r t i e s   of  the  polymers  produced  in  t h e  

Examples  were  de termined   by  the  fo l lowing   t e s t   m e t h o d s :  

Dens i t y   A  p laque   is  made  and  c o n d i t i o n e d  

for  one  hour  at  120°C.  to  a p p r o a c h  

e q u i l i b r i u m   c r y s t a l l i n i t y   and  i s  

then  qu ick ly   cooled  to  room  t e m p e r -  

a t u r e .   Measurement  for  d e n s i t y   i s  

then  made  in  a  d e n s i t y   g r a d i e n t  

column  and  d e n s i t y   va lues   a r e  

r e p o r t e d   as  g r a m s / c m  .  



Melt  Index  (MI)  ASTM  D-1238 -   Condi t ion   E  -  

Measured  at  190°C.  -   r e p o r t e d  

as  grams  per  10  m i n u t e s .  

Flow  Index  (HLMI)  ASTM  D-1238 -   Cond i t ion   F  -  

Measured  at  10  times  the  w e i g h t  

used  in  the  melt  index  t e s t  

a b o v e .  

Melt  Flow  Ratio  ( M F R )   Flow  I n d e x  
Melt  I n d e x  

P r o d u c t i v i t y   A  sample  of  the  r e s i n   p r o d u c t  

is  ashed,   and  the  weight %  o f  

ash  is  de te rmined;   s ince  t h e  

ash  is  e s s e n t i a l l y   composed  o f  

the  c a t a l y s t ,   the  p r o d u c t i v i t y  

is  thus  the  pounds  of  p o l y m e r  

produced  per  pound  of  t o t a l  

c a t a l y s t   consumed.  The  amount 

of  Ti,  Mg,B  and  ha l i de   in  t h e  

ash  are  de termined  by  e l e m e n t a l  

a n a l y s i s .  

Bulk  Dens i ty  .   ASTM  D-1895  Method  B. 

The  r e s i n   is  poured  via  3 / 8 "  

d i ame te r   funnel   into  a  400  ml 

g r adua t ed   c y l i n d e r   to  400  ml 

l ine   wi thout   shaking  the  . 

cy l inde r ,  and   weighed  by  d i f f e r -  

e n c e .  



Average  P a r t i c l e   This  is  c a l c u l a t e d   from  s i e v e  
S i z e  

a n a l y s i s   data  measured  a c c o r d i n g  

to  ASTM-D-1921  Method  A  using  a  

500  g  sample.  C a l c u l a t i o n s   a r e  

based  on  weight  f r a c t i o n s   r e -  

t a i n e d   on  t h e  s c r e e n s .  

Example  1 

Impregna t ion   of  Support   with  P r e c u r s o r  

In  a  12  l i t e r   f l a s k   equipped  with  a  m e c h a n i c a l  

s t i r r e r   were  p laced   41.8g  (0.439  mol)  anhydrous  MgCl2  and  

2.5  l i t e r   t e t r a h y d r o f u r a n   (THF).  To  th is   m ix tu r e ,   2 7 . 7 g  

(0.146  mol)  TiCl4  were  added  dropwise  over  1/2  hour.   The 

m i x t u r e   was  hea ted   at  60°C.  for  about  1/2  hour  in  o r d e r  

to  c o m p l e t e l y   d i s s o l v e  t h e   m a t e r i a l .  

Five  hundred  grams  (500  g)  of  s i l i c a   was 

d e h y d r a t e d   by  h e a t i n g   at  a  t e m p e r a t u r e   of  800°C.  a n d  

s l u r r i e d   i n  3  l i t e r s   of  i s o p e n t a n e .   The  s l u r r y   was 

s t i r r e d   while   142  ml.  of  a  20  p e r c e n t   by  w e i g h t  

s o l u t i o n   of  t r i e t h y l   aluminum  in  hexane  was  a d d e d  

t h e r e t o   over  a  1/4  hour  pe r iod .   The  mixture  was  d r i e d  

under  a  n i t r o g e n   purge  at  60°C.  for  about  4  hours  t o .  

p r o v i d e   a  d r y , f r e e   f lowing  powder  c o n t a i n i n g   4  p e r c e n t  

by  weight   of  the  aluminum  a l k y l .  

A l t e r n a t i v e l y ,   the  s i l i c a   is  d r ied   and  

t r e a t e d   in  l ike   manner  with  a  s o l u t i o n   of  t r i - n - h e x y l  

aluminum  or  d i e t h y l z i n c   to  p rov ide   a  t r e a t e d   s i l i c a  

c o n t a i n i n g   4  p e r c e n t   by  weight  of  metal  a l k y l .  

The  t r e a t e d   s i l i c a   was  then  added  to  t h e  

s o l u t i o n   p r e p a r e d   as  above  and  s t i r r e d   for   1/4  h o u r .  

The  m ix tu re   was  dr ied   under  a  n i t r o g e n   purge  at  60°C.  

for   about  4  hours  to  p rovide   a  dry,  i m p r e g n a t e d , f r e e  

f lowing   powder  having  the  p a r t i c l e   s ize   of  the  s i l i c a .  



Example  2 

Treatment   of  P r e c u r s o r   with  Boron  T r i c h l o r i d e  

Five  hundred  grams  (500  g)  of  s i l i c a   impreg -  

nated   p r e c u r s o r   compos i t ion   prepared   in  accordance   w i t h  

Example  1  was  s l u r r e d   in  3  l i t e r s   of  i sopen tane   and 

s t i r r e d   while  a  1  molar  s o l u t i o n   of  boron  t r i c h l o r i d e  

i n   methylene   d i c h l o r i d e   was  added  t he re to   over  a  1/4  h o u r  

p e r i o d .   The  s i l i c a   impregnated   p r e c u r s o r   compos i t ion   and 

the  boron  t r i c h l o r i d e   s o l u t i o n   were  employed  in  amounts 

tha t   p rov ided   a -molar   r a t i o   of  boron  to  e l e c t r o n   dono r  

compound  (of  the  p r e c u r s o r )   of  0 .75 :1 .   The  mixture  was 

d r i ed   under  a  n i t r o g e n   purge  at  60°C.  fo r   about  4  h o u r s  

to  p rov ide   a  dry  f ree   f lowing  powder  having  the  p a r t i c l e  

s ize   of  the  s i l i c a .  

Example  3 

Treatment   of  P r e c u r s o r   with  Ethvl  Boron  D i c h l o r i d e  

Five  hundred  grams  (500  g)  of  s i l i c a   i m p r e g -  

nated   p r e c u r s o r   compos i t i on   prepared   in  accordance  w i t h  

Example  1  was  s l u r r e d   in  3   l i t e r s   of  i s o p e n t a n e   and 

s t i r r e d   while  a  10  p e r c e n t   by  weight  s o l u t i o n   of  e t h y l  

boron  d i c h l o r i d e   in  heptane   was  added  t h e r e t o   over  a  

1/4  hour  p e r i o d .   The  s i l i c a   impregnated  p r e c u r s o r  

compos i t ion   and  the  e thy l   boron  d i c h l o r i d e   s o l u t i o n   were  

employed  in  amounts  tha t   provided  a  mo la r  - r a t io   of  b o r o n  

to  e l e c t r o n   donor  compound  (of  the  p r e c u r s o r )   of  0 . 7 5 : 1 .  

The  mix ture   was  d r i ed   under  a  n i t r o g e n   purge  at  60°C. 

for  about  4  hours  to  p rovide   a  dry  free  f lowing  powder  

having  the  p a r t i c l e   s ize   of  the  s i l i c a .  



Example  4 

P r e p a r a t i o n   of  P a r t i a l l y   A c t i v a t e d   P r e c u r s o r  

Af te r   t r e a t m e n t   with  boron  h a l i d e   compound 

in  accordance   with  Examples  2  and  3,  d e s i r e d   weights   o f  

each  of  the  s i l i c a   impregna ted   p r e c u r s o r   c o m p o s i t i o n s  

p r e p a r e d   in  accordance   with  those  examples  were  s l u r r i e d  

in  anhydrous  i s o p e n t a n e   t o g e t h e r   with  s u f f i c i e n t   a c t i -  

v a t o r   compound  to  p rov ide   p a r t i a l l y   a c t i v a t e d   p r e c u r s o r  

c o m p o s i t i o n s   having  Al /Ti   molar  r a t i o s   of  4 : 1 .  

In  each  i n s t a n c e ,   the  con ten t s   of  the  s l u r r y  

system  were  t ho rough ly   mixed  at  room  t e m p e r a t u r e   f o r  .  

about  1/4  to  1/2  hour.   Each  s l u r r y   was  then  d r i ed   u n d e r  

a  purge  of  dry  n i t r o g e n   at  a  t empera tu re   of  65  +  10°C. 

for   about  4  hours  to  remove  the  i s o p e n t a n e   d i l u e n t .   A 

f r ee   f lowing  p a r t i c u l a t e   m a t e r i a l   c o n t a i n i n g   p a r t i a l l y  

a c t i v a t e d   p r e c u r s o r   compos i t ion   impregnated   w i t h i n   t h e  

pores   of  the  s i l i c a   and  having  the  s ize   and  shape  o f  

the  s i l i c a   was  o b t a i n e d .   This  m a t e r i a l   was  s t o r e d   u n d e r  

dry  n i t r o g e n   u n t i l   ready  to  be  u s e d .  

Example  5 -8  

Ethylene   was  homopolymerized  in  a  s e r i e s   o f  

4  expe r imen t s   employing  the  f l u i d   bed  r e a c t i o n   s y s t e m  

d e s c r i b e d   and  i l l u s t r a t e d   h e r e i n .   The  p o l y m e r i z a t i o n   r e -  

a c t o r   had  a  lower  s e c t i o n   10  fee t   high  and  13  ½   i n c h e s  .  

in  d i ame te r ,   and  an  upper  s e c t i o n   16  fee t   high  and  23  1 / 2  

inches   in  d i a m e t e r .  

Each  of  the  p o l y m e r i z a t i o n   r e a c t i o n s   was 

conduc ted   for  24  hours  at  105°C.  under  a  p r e s s u r e   o f  

3 0 0 ' p s i g ,   a  gas  v e l o c i t y   of  about  3  to  6  times  Gmf, 

a  space  time  y i e l d   of  about  2.8  to  4.9,  and  a  

H2/C2  mol  r a t i o   of  0.35  to  0 . 4 2 .  



In  the  f i r s t   p o l y m e r i z a t i o n   (Example  5 ) ,  

s i l i c a   impregnated   p r e c u r s o r   compos i t ion   p repared   i n  

a c c o r d a n c e   with  Example  1  was  fed  to  the  p o l y m e r i z a t i o n  

r e a c t o r   along  with  a  5  .pe rcen t   by  weight   s o l u t i o n   o f  

t r i e t h y l   aluminum  in  i s o p e n t a n e   so  as  to  provide   a  

c o m p l e t e l y   a c t i v a t e d   c a t a l y s t   in  t h e  r e a c t o r   h a v i n g  

an  A l /T i   mol  r a t i o   of  15:1  to  3 0 : 1 .  

In  the  next  three   p o l y m e r i z a t i o n s   (Examples  

6-8) ,   s i l i c a   impregnated  p r e c u r s o r   compos i t ion   p r e p a r e d  

i n  a c c o r d a n c e   with  Example  1  was  f i r s t   t r e a t e d   with  a  

boron  h a l i d e   compound  in  accordance   with  Example  2  or  3 

b e f o r e   i t   was  fed  to  t h e  p o l y m e r i z a t i o n   r e a c t o r .  

A c t i v a t i o n   of  the  p r e c u r s o r   compos i t ion   w a s  e f f e c t e d  

as  in  the  f i r s t   p o l y m e r i z a t i o n . .  

Table  I  below  summarizes  the  r e a c t i o n  

c o n d i t i o n s   employed  in  each  example,  the  p r o p e r t i e s  

of  the  polymers  made  in  such  examples,  the  amount  o f  

e t h y l e n e   h y d r o g e n a t i o n   which  occur red   during  p o l y -  

m e r i z a t i o n ,   and  the  p r o d u c t i v i t y   of  each  c a t a l y s t  

s y s t e m .  





Examples  9-12 

Ethylene   was  homopolymerized  in  a  s e r i e s   o f  

4  e x p e r i m e n t s   employing  the  same  f l u i d   bed  r e a c t i o n  

system  employed  in  Examples  5 - 8 .  

In  th i s   s e r i e s   of  p o l y m e r i z a t i o n s ,   the  s i l i c a  

impregna ted   p r e c u r s o r   compos i t ion   employed  was  p r e p a r e d  

in  a cco rdance   with  Example  1  and  p a r t i a l l y   a c t i v a t e d   a s  

d e s c r i b e d   in  Example  4  be fore   i t   was  fed  into  the   r e -  

a c t o r .   In  the  f i r s t   two  exper iments   (Examples  9  and  1 0 ) ,  

the  p r e c u r s o r   compos i t ion   was  not  t r e a t e d   with  a  b o r o n  

h a l i d e   compound  be fo re   i t   was  p a r t i a l l y   a c t i v a t e d .   I n  

the  next  two  exper iments   (Examples  11  and  12),  t h e  

p r e c u r s o r   compos i t i on   was  t r e a t e d   with  boron  t r i c h l o r i d e  

in  a c c o r d a n c e   with  Example  2  be fore   i t   was  p a r t i a l l y  

a c t i v a t e d .  

In  each  i n s t a n c e ,   a c t i v a t i o n   of  the  p r e -  

c u r s o r   c o m p o s i t i o n   was  completed  in  the  r e a c t o r   b y  

adding  a  5  p e r c e n t   by  weight  s o l u t i o n   of  a l u m i n u m  

a l k y l   in  i s o p e n t a n e   to  the  r e a c t o r   to  provide   a  

c o m p l e t e l y   a c t i v a t e d   c a t a l y s t   having  an  Al /Ti   mol  r a t i o  

of  15:1  to  3 0 : 1 .  

Each  p o l y m e r i z a t i o n   was  conducted  for  24  h o u r s  

at  105°C.  under  a  p r e s s u r e   of  300  ps ig ,   a  gas  v e l o c i t y  

of  about   3  to  6  times  Gmf,  a  space  time  y ie ld   of  a b o u t  

3 . 3  t o   5.0,   and  a H2/C2  mol  r a t i o   of  0.40  to  0 . 5 1 .  

Table  II  below  summarizes  the  r e a c t i o n   c o n -  

d i t i o n s   employed  in  each  example,  the  p r o p e r t i e s   of  t h e  
polymers  made  in  such  examples,  the  amount  of  e t h y l e n e  

h y d r o g e n a t i o n   which  occurred  during  p o l y m e r i z a t i o n ,   a n d  

the  p r o d u c t i v i t y   of  each  c a t a l y s t   s y s t e m .  





1.  A  con t inuous   c a t a l y t i c   process   for  p r o d u c i n g  

e t h y l e n e   homopolymers,  or  copolymers  c o n t a i n i n g   at  l e a s t  

97  mol  p e r c e n t   of  e t hy l ene   and  no  more  than  3  mol  p e r c e n t  

of  one  or  more  alpha  o l e f i n s   c o n t a i n i n g   from  3  to  8  c a r b o n  

a t o m s ,  

said  polymers  being  produced  in  g r a n u l a r   form 

and  having  a  dens i ty   of  from  0.94  g / cm  to  0.97  g/cm3,  a n d  

a  melt   flow  r a t i o   of  from  22  to  3 2 ,  

which  comprises   c o n t a c t i n g   e thy lene ,   or  a  

mix tu re   of  e thy lene   and  at  l e a s t   one  alpha  o l e f i n   c o n t a i n -  

ing  from  3  to  8  carbon  atoms,  at  a  t empera tu re   of  f rom 

90°C.  to  115°C.  and  a  p r e s s u r e   no  g r e a t e r   than  1000  p s i ,  

in  a  ga s  phase   r e a c t i o n   zone,  with  p a r t i c l e s   of  a  c a t a l y s t  

system  compris ing   a  p r e c u r s o r   compos i t ion   having  the  g e n e r a l  

f o r m u l a : -  

wherein   R  is  an  a l i p h a t i c   or  aromat ic   h y d r o -  

carbon   r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  atoms,  or  COR' 

where in   R'  is  an  a l i p h a t i c   or  a romat ic   hydrocarbon  r a d i c a l  

c o n t a i n i n g   from  1  to  14  carbon  a toms ,  

X  is  s e l e c t e d   f rom 

Cl,  Br,  I,  and  mixtures   t h e r e o f ,  

ED  is  an  organic   e l e c t r o n   donor  c o m p o u n d  

s e l e c t e d   from  a lky l   e s t e r s   o f  -  

a l i p h a t i c   and  a romat ic   ac ids ,   a l i p h a t i c   e t h e r s ,   c y c l i c  

e t h e r s   and  a l i p h a t i c   k e t o n e s ,  

m  is  0.5  to  56,  

n  is  0,  1  or  2 ,  



p  i s  2   to  116,  and 

q  i s   2  to  85,  

sa id   p r e c u r s o r   compos i t ion   being  d i l u t e d  

w i t h  a n   i n e r t   c a r r i e r   m a t e r i a l   and  being  c o m p l e t e l y  

a c t i v a t e d   with  from  10  mols  to  400  mols  of  an  

a c t i v a t o r   compound  having  the  g e n e r a l   f o r m u l a : -  

wherein  X"  is  Cl  or  OR"',  R"  and  R"'  a r e  

the  same  or  d i f f e r e n t   and  are  s a t u r a t e d   h y d r o c a r b o n  

r a d i c a l s   c o n t a i n i n g   from  1  to  14  carbon  atoms,  e  is  0  t o  

1 .5 ,   f  is  1  or  0  and  d  +  e  +  f  =  3 

c h a r a c t e r i z e d   in  that   the  p r e c u r s o r  .  

compos i t i on   c o n t a i n s   from  0.1  mol  to  3  mols  of  a  b o r o n  

h a l i d e   compound  per  mol  of  e l e c t r o n   donor  in  s a i d  

p r e c u r s o r   c o m p o s i t i o n ,  

sa id   boron  h a l i d e   compound  having   the  g e n e r a l  

f o r m u l a : -  

wherein  R  is  an  a l i p h a t i c   or  a r o m a t i c  

hydroca rbon   r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  a toms 

or  OR',  wherein  R'  is  an  a l i p h a t i c   or  a romat ic   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   from  1  to  14  carbon  a t o m s ,  

X'  is  s e l e c t e d   from 

Cl,  Br,  a n d  m i x t u r e s   t h e r e o f ,   and  

c  is  0  or  1  when  R  is  an  a l i p h a t i c   o r  

a romat ic   hydrocarbon   r a d i c a l   and  0,  1  or  2  under  R  is  OR! 

2.  A  p rocess   as  c laimed  in  c la im  1  where in   the  p r e -  

cu r so r   compos i t ion   is  m e c h a n i c a l l y   mixed  with  the  i n e r t  

c a r r i e r   m a t e r i a l   and  the  b lended  mix ture   con ta in s   f rom 

10  p e r c e n t   by  weight  to  50  pe rcen t   by  weight   of  the  p r e -  

c u r s o r   c o m p o s i t i o n .  



3.  A  p r o c e s s   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e  

i n e r t   c a r r i e r   m a t e r i a l   i s   i m p r e g n a t e d   w i t h   t h e   p r e c u r s o r  

c o m p o s i t i o n   and  t h e   i m p r e g n a t e d   c a r r i e r   m a t e r i a l  

c o n t a i n s   f r o m   3  p e r c e n t   by  w e i g h t   to   50  p e r c e n t   b y  

w e i g h t   of   t h e   p r e c u r s o r   c o m p o s i t i o n .  

4.  A  p r o c e s s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  t o  

3  w h e r e i n   t h e   i n e r t   c a r r i e r   m a t e r i a l   i s   s i l i c a .  

5.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   4  w h e r e i n  t h e  

s i l i c a   i s   m o d i f i e d   w i t h   d i e t h y l z i n c .  

6 .   A  p r o c e s s  a s   c l a i m e d   in   a n y  o n e   of  t h e  p r e c e d i n g  

c l a i m s   w h e r e i n   X  and  X'  a r e   C l ,   [ED]  i s   t e t r a h y d r o f u r a n ,  

n  i s   0,  m  i s   1 . 5   to   5,  p  i s - 6   to   14,   and  q  i s   3  t o   1 0 .  

7.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s   w h e r e i n   t h e   b o r o n   h a l i d e   c o m p o u n d   i s  b o r o n  

t r i c h l o r i d e .  

8.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  t o  

6  w h e r e i n   t h e   b o r o n   h a l i d e   c o m p o u n d   i s   e t h y l   b o r o n  

d i c h l o r i d e .  

9.  A  p r e c u r s o r   c o m p o s i t i o n   s u i t a b l e   as  a  



c o m p o n e n t   of  a  c a t a l y s t   c o m p o s i t i o n   c a p a b l e   of  p r o d u c i n g  

h i g h   d e n s i t y   e t h y l e n e   h o m o p o l y m e r s   and  c o p o l y m e r s   u n d e r  

a  p r e s s u r e   of   l e s s   t h a n   1000  p s i   w i t h   low  a c c o m p a n y i n g  

e t h y l e n e   h y d r o g e n a t i o n ,   s a i d   p r e c u r s o r   c o m p o s i t i o n   h a v i n g  

t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R  i s   an  a l i p h a t i c   or  a r o m a t i c   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f rom  1  to   14  c a r b o n   a t o m s ,   or   COR' 

w h e r e i n   R1  i s   an  a l i p h a t i c   or   a r o m a t i c   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f r o m   1  to   14  c a r b o n   a t o m s ,  

X  i s   s e l e c t e d   f r o m   C l ,   B r ,   I ,   and  m i x t u r e s   t h e r e o f ,  

ED  i s   an  o r g a n i c   e l e c t r o n   d o n o r   c o m p o u n d   s e l e c t e d  

f r o m   a l k y l   e s t e r s   of  a l i p h a t i c   and  a r o m a t i c   a c i d s ,  

a l i p h a t i c   e t h e r s ,   c y c l i c   e t h e r s   and  a l i p h a t i c   k e t o n e s ,  

m  i s   0 . 5   t o   5 6 ,  

n  i s   0,  1  o r   2 ,  

p  i s   2  to   1 1 6 ,   a n d  

q  i s   2  t o   8 5 ,  

s a i d   p r e c u r s o r   c o m p o s i t i o n   b e i n g   d i l u t e d   w i t h   a n  

i n e r t   c a r r i e r   m a t e r i a l ,  

c h a r a c t e r i z e d   in   t h a t   t h e   p r e c u r s o r   c o m p o s i t i o n  

c o n t a i n s   f rom  0 . 1   mol  to   3 . 0   m o l s   of  a  b o r o n   h a l i d e  

c o m p o u n d   p e r   mol  of   e l e c t r o n   d o n o r   in   s a i d  p r e c u r s o r  

c o m p o s i t i o n ,  

s a i d   b o r o n   h a l i d e   c o m p o u n d   h a v i n g   t h e   g e n e r a l  f o r m u l a : -  



w h e r e i n   R  i s   an  a l i p h a t i c   o r   a r o m a t i c   h y d r o c a r b o n  

r a d i c a l  c o n t a i n i n g   f rom  1  t o   14  c a r b o n   a t o m s   or   OR ' ,   -  

w h e r e i n   R'  i s   an  a l i p h a t i c   o r   a r o m a t i c  h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f r o m   1  to   14  c a r b o n   a t o m s ,  

X'  i s   s e l e c t e d   f r o m   C l ,   B r ,   and  m i x t u r e s   t h e r e o f ,  

a n d  

c  i s   0  or   1  when  R  i s   an  a l i p h a t i c   or   a r o m a t i c  

h y d r o c a r b o n   and  0,  1 - o r   2  when  R  i s   O R ' .  

10.  A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   9 

w h e r e i n  s a i d   p r e c u r s o r   c o m p o s i t i o n   i s   m e c h a n i c a l l y   m i x e d  

w i t h  t h e  i n e r t   c a r r i e r   m a t a r i a l  a n d  t h e   b l e n d e d   m i x t u r e  

c o n t a i n s   f rom  1 0  p e r c e n t   by  w e i g h t   to   50  p e r c e n t   b y  

w e i g h t   of  t h e   p r e c u r s o r   c o m p o s i t i o n .  

1 1 . .   A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   i n   c l a i m   9 

w h e r e i n   t h e   i n e r t   c a r r i e r   m a t e r i a l  i s   i m p r e g n a t e d   w i t h  

t h e   p r e c u r s o r   c o m p o s i t i o n   and  t h e   i m p r e g n a t e d   c a r r i e r  

m a t e r i a l   c o n t a i n s   f r o m   3  p e r c e n t   by  w e i g h t   to   50  p e r c e n t  

by  w e i g h t   of  t h e   p r e c u r s o r   c o m p o s i t i o n .  

12.   A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   9  to  11  w h e r e i n   t h e   i n e r t   c a r r i e r   m a t e r i a l   i s  

s i l i c a .  



13.   A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in   c l a i m   12  

w h e r e i n   t h e   s i l i c a   i s   m o d i f i e d   w i t h   d i e t h y l z i n c .  

14 . .   A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in   a n y  o n e   o f  

c l a i m s   9  to   13  w h e r e i n   X  and  X'  a r e   C l ,   [ED]  i s  

t e t r a h y d r o f u r a n ,   n  i s   0,  m  i s   1 .5   t o   5,  p  i s   6  t o   1 4 ,  

and  q  i s   3  t o   1 0 .  

15.  A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in   a n y  

one  of   c l a i m s   9  t o  1 4   w h e r e i n   t h e   b o r o n  h a l i d e   c o m p o u n d  

i s   b o r o n   t r i c h l o r i d e .  

16.  A  p r e c u r s o r   c o m p o s i t i o n   as  c l a i m e d   in  a n y o n e  

of   c l a i m s   9  t o   14  w h e r e i n   t h e   b o r o n   h a l i d e   c o m p o u n d  

i s   e t h y l   b o r o n   d i c h l o r i d e .  

17.   A  c o m p o s i t i o n   as  c l a i m e d   in   any  o n e  o f  c l a i m s  

9  t o   16  w h i c h   h a s   b e e n   p a r t i a l l y   a c t i v a t e d   w i t h  

up  t o   10  m o l s   of   an  a c t i v a t o r   c o m p o u n d   p e r   mol  o f  

t i t a n i u m   in  s a i d   p r e c u r s o r   c o m p o s i t i o n ,   s a i d   a c t i v a t o r  

c o m p o u n d   h a v i n g   t h e   g e n e r a l   f o r m u l a : -  

A l ( R " ) d X " e H f  

w h e r e i n   X"  i s   Cl  or   OR"',  R"  and  R " '  a r e   t h e   s a m e  

or   d i f f e r e n t   and  a r e   s a t u r a t e d   h y d r o c a r b o n   r a d i c a l s  

c o n t a i n i n g   f r o m   1  to   14  c a r b o n   a t o m s ,   e  i s   0  to   1 . 5 ,  



f  i s   1  or   0  and  d  +  e  +  f  =  3 .  

18.  A  p r o c e s s   f o r   p r e p a r i n g   a  t r e a t e d   p r e c u r s o r  

c o m p o s i t i o n   s u i t a b l e   as  a  c o m p o n e n t   of   a  c a t a l y s t  

c o m p o s i t i o n   c a p a b l e   of   p r o d u c i n g   h i g h   d e n s i t y   e t h y l e n e  

h o m o p o l y m e r s   and  c o p o l y m e r s   u n d e r   a  p r e s s u r e   of  l e s s  

t h a n   1000  p s i   w i t h   low  a c c o m p a n y i n g   e t h y l e n e   h y d r o g e n a t i o n  

w h i c h   c o m p r i s e s  

A)  f o r m i n g   a  p r e c u r s o r   c o m p o s i t i o n   of  t h e   g e n e r a l  

f o r m u l a : -  

w h e r e i n   R  i s   an  a l i p h a t i c   o r   a r o m a t i c   h y d r o c a r b o n -  

r a d i c a l   c o n t a i n i n g   f rom  1  to   14  c a r b o n  a t o m s ,  o r  C O R '  

w h e r e i n   R'  i s   an  a l i p h a t i c   o r  a r o m a t i c  h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f r o m  1   t o  1 4  c a r b o n  a t o m s ,  

X  i s   s e l e c t e d   f rom  C l ,   Br ,   I ,   a n d  m i x t u r e s   t h e r e o f ,  

ED  i s   an  o r g a n i c   e l e c t r o n   d o n o r   c o m p o u n d   s e l e c t e d  

f r o m   a l k y l   e s t e r s   of   a l i p h a t i c   and  a r o m a t i c   a c i d s ,  

a l i p h a t i c  e t h e r s ,   c y c l i c   e t h e r s   and  a l i p h a t i c   k e t o n e s ,  

m  i s   0 . 5   t o   5 6 ,  

n  i s   0,  1  o r   2 ,  

p  i s   2  to   116 ,   a n d  

q  i s   2  to   8 5 ,  

by  d i s s o l v i n g   a t   l e a s t   one  m a g n e s i u m   compound   and  a t  

l e a s t   one  t i t a n i u m   c o m p o u n d   in  a t   l e a s t  o n e   l i q u i d  o r g a n i c  



e l e c t r o n   d o n o r   c o m p o u n d   so  as  to   f o rm  a  s o l u t i o n   of  s a i d  

p r e c u r s o r   c o m p o s i t i o n   in   s a i d   e l e c t r o n . d o n o r   c o m p o u n d ,  

s a i d   m a g n e s i u m   c o m p o u n d   h a v i n g   t h e   s t r u c t u r e  

MgX2,  

s a i d   t i t a n i u m   c o m p o u n d   h a v i n g   t h e   s t r u c t u r e  

T i ( O R ) a X b   w h e r e i n   a  i s   0,  1  o r   2,  b  i s   1  to   4  i n c l u s i v e  

and  a  +  b  =  3  or   4 ,  

s a i d   m a g n e s i u m   c o m p o u n d ,   s a i d   t i t a n i u m   c o m p o u n d ,  

and  s a i d   e l e c t r o n   d o n o r   c o m p o u n d   b e i n g   e m p l o y e d   i n   s u c h  

a m o u n t s   as  t o   s a t i s f y   t h e   v a l u e s   of  m,  n,  p  a n d  

q,  a n d  

B )  d i l u t i n g   s a i d   p r e c u r s o r  c o m p o s i t i o n  w i t h  

an  i n e r t - c a r r i e r   m a t e r i a l ,  .  

c h a r a c t e r i z e d  i n   t h a t   t h e   d i l u t e d   p r e c u r s o r  

c o m p o s i t i o n   i s   t r e a t e d   w i t h - a   b o r o n  h a l i d e   c o m p o u n d  

h a v i n g   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   R  i s   an  a l i p h a t i c   o r   a r o m a t i c   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f rom  1  to   14  c a r b o n   a t o m s   o r  

OR' ,   w h e r e i n   R'  i s   an  a l i p h a t i c   or   a r o m a t i c   h y d r o c a r b o n  

r a d i c a l   c o n t a i n i n g   f rom  1  to   14  c a r b o n   a t o m s ,  

X'  i s   s e l e c t e d   f r o m   C l ,   Br ,   and  m i x t u r e s   t h e r e o f ,  

a n d  

c  i s   0  or   1  when  R  i s   an  a l i p h a t i c   or   a r o m a t i c  

h y d r o c a r b o n   r a d i c a l   and   0,  1  or   2  when  R  i s   O R ' .  



19.  A  p r o c e s s   as  c l a i m e d   in   c l a i m   18  w h e r e i n   t h e  

p r e c u r s o r   c o m p o s i t i o n   i s   m e c h a n i c a l l y   m i x e d   w i t h   t h e  

i n e r t   c a r r i e r   m a t e r i a l   to   fo rm  a  b l e n d e d   m i x t u r e  

c o n t a i n i n g   f rom  10  p e r c e n t   by  w e i g h t   to   50  p e r c e n t   b y  

w e i g h t   of   t h e   p r e c u r s o r   c o m p o s i t i o n .  

20.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   18  w h e r e i n   t h e   i n e r t  

c a r r i e r   m a t e r i a l   i s   i m p r e g n a t e d   w i t h   t h e   p r e c u r s o r  

c o m p o s i t i o n   and  t h e   i m p r e g n a t e d   c a r r i e r   m a t e r i a l   c o n t a i n s  

f r o m   3  p e r c e n t   by  w e i g h t   to   50  p e r c e n t   by  w e i g h t   of   t h e  

p r e c u r s o r   c o m p o s i t i o n .  

21.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   18  

to   20  w h e r e i n   t h e   i n e r t   c a r r i e r   m a t e r i a l   i s   s i l i c a .  

22.   A  p r o c e s s   as  c l a i m e d   in   c l a i m   21  w h e r e i n   t h e  

s i l i c a   i s   m o d i f i e d   w i t h   d i e t h y l z i n c .  

23.   A  p r o c e s s   as  c l a i m e d   in   any  one  of  c l a i m s   18  t o  

22  w h e r e i n   X  and  X'  a r e   Cl ,   LED]  i s   t e t r a h y d r o f u r a n ,  

n  is  0,  m  is  1.5  to 5, p  i s   6  to   14,  and  q  i s   3  to   1 0 .  

24.  A  p r o c e s s   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   18  t o  

23  w h e r e i n   t h e   b o r o n   h a l i d e   c o m p o u n d   i s   b o r o n   t r i c h l o r i d e .  



25.  A  p r o c e s s   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   18  

to   23  w h e r e i n   t h e   b o r o n   h a l i d e   c o m p o u n d   i s   e t h y l   b o r o n  

d i c h l o r i d e .  

26.  A  p r o c e s s   f o r   p r e p a r i n g   an  a c t i v a t e d   e t h y l e n e  

p o l y m e r i z a t i o n   p r o c e s s   w h i c h   c o m p r i s e s   t r e a t i n g   a  

p r e c u r s o r   c o m p o s i t i o n   e i t h e r   as  c l a i m e d   in  a n y  o n e   o f  

c l a i m s   9  to   16  or   p r e p a r e d   by  a  p r o c e s s   as  c l a i m e d   i n  

a n y  o n e   of   c l a i m s   18  to   25  w i t h   an  a c t i v a t o r   c o m p o u n d  

h a v i n g   t h e   g e n e r a l   f o r m u l a : -  

w h e r e i n   X"  i s   Cl  or   OR"',  R"  and  R " '  a r e   t h e   s a m e  

or  d i f f e r e n t   and  a r e   s a t u r a t e d   h y d r o c a r b o n  r a d i c a l s  

c o n t a i n i n g   f r o m   1  t o   14  c a r b o n   a t o m s ,   e  i s   0  to   1 . 5 ,  

f  i s   1  o r   0  and   d  +  e  +  f  =  3 .  
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